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EEGENTS OF THE SMITHSONIAN INSTITHTTON. 


By the organizino- act approved Auo-ast lo. IfSdt; (Revised Statutes, 
Title LXXHI. section ^>580), ‘"The busitu'ss of the Institution shall 
ho conducted at the city of Washincfton bv a Board of Regents, named 
the Regents of the Smithsonian Institution, to be composed of the 
Vice-President, the Chief Justice of the United States, three members 
of the Senate, and thret' members of the House of Representatives, 
together with six other persons, other than members of Congress, two 
of whom shall be resident in the city of Washington and the other 
four shall be inhabitants of some State, but no t^vo of the same State. 


FOR TirK VFAIi .irxx ■Hi. v.ki:. 

Tlie Chief Justice of tlic Ciiitol Statts: 
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United States Senators; Term i-spires 
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DRVILLK it. Ph.VTT (apt-ointed Jan. FS, l.SOO) Mar. 3,1903 

FR.CXCIS M. COCKRELb (appointed Mar. 7, 1901) .Mar. 3,190.5 

Meiiiber.s of the House of Representatives: 

ROBERT R. HITT (appointed Auji. 11, 1S93, Jan. 4, 1S94, Dec. 

20, 1S9.'), Dec. 22, 1897, Jan. 4, 1900, and Dec. 13, 1901. Dec. 23, 1903 

R( )BERT .VD.-UMS, Ju. (appointed I)ec. 20, 1,89.5, Dec. 22, 1897, 

Jan. 4, 1900, and Dec. 13, 1901 | Dec. 23, 1903 

HUGH \. DINSMORE ( apiiointcd .Tan. 4, 1900, and Dec. 13. 1901 1. Dec. 23, 1903 
Citizens of a State: 

J.UMES B. .INGELE, of Michigan ( appointed Jan. 19, IS.ST, .Tan. 

9, 1893, and Jan. 24, l.S99| Jan. 24.190.') 

.tX’DREW D. IVHITE, of New York (appointed Feh. l.'>, l.s.ss, 

Mar. 19, 1.894, and June 2, 1900) June 2,1900 

RICH.IRD DLNEY, of Massachusetts (appointed .Tan. 24, 19001., .lan. 24, 1900 
Citizens of Washington city: 

JOHN B. HENDERSON (a])pointed ,Tan. 20, 1892, and Jan. 24. 

189,8) ,Tan. 24, 1904 

.\LEX.\NI)ER GR.MI.UM BF.I.I, (appointed Jan. 24, 189,8) Jan. 24,1904 

GEORllE GR.VY (appointed Jan. 14, 1901) .Ian. 14,1907 
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PROCEEDINfiS OF THE HOARD OF REGENTS AT THE ANNUAL 
MEETINi; HELD JANUARY -pL T.»0->. 


In accordance with a resolntion of the Jloard of Regents, adopted 
January 8. l8d(i. In’ which its annual nieoting- occurs on the fourth 
Wednesday of each year, the Board met to-day at lo o'clock a. m. 

Present; Chief Justict; Fuller, (Chancellor), in the chair; the lion. 
AVilliain P. Frye; the' Hon. S. AI. Cullom; the Hon. f). 11. Platt; the 
Hon. F. AI. (,'ockrell; the Hon. Robert Adams, jr. ; the Hon. Hugh 
A. Dinsmore; l)r. .lames B. .\ugell; the Hon. .lohn B. Henderson; 
the Hon, George Gray; Dr. ,Y. Graham Bell; the Hon. Richard Olney, 
and the Secretary. Air. S. P. Langley. 

EXCUSKS EOK NO.N'ATTENDANt'K. 

The Secretary explained that Air. Hitt was unable to be present 
owing to temporary iudisjtosition. atid that Dr. .Andrew D. AVhite Ma.s 
in Europe. 

At the .sugge.stion of the Chancellor, th<“ Secretary read the ininute.s 
of the last meeting in abstract, and there Ixdng no objection, tlu'y 
were declared approved. 

.\PPOIXT>IF,XT OF KEGF.XT.S. 

The Secretary stated that A’iee-President Roosevelt had been 
ex-officio a member of the Board, but that by rt'a.mn of his succession 
on September 14, IhOl, to the Presidency through the death of Presi- 
dent AIcKinlev, his membership upon the Board had ceased, and he 
had become tin* ^iresiding officer of the Institution. In accordance 
w’ith prec('dent. an invitation had been extended to the President pro 
tempore of the Senate, the Hon. William P. Frye, to attend thi> meet- 
ing in place of the A'ice-Presideiit. I'h(‘ Secretary announced the 
appointment of Senator Francis AI. Cockrell, of Alissouri, to succeed 
Senator Liudsav, and the reai)pointment of Senator S. AI. Cullom and 
of Representatives R. R. Hitt. Robert Atlams, jr. . and Hugh A. Dins- 
more, whose terms had expired. 

The Secretary read a letter from Airs. W. L. Wilson expressing 
her thanks for the engrossed re.solutions adopted by the Ihjard at the 
last meeting on tlu' death of her husband. Dr. William Lyne AVilson. 
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Xir PROCEEDINGS OF THE BOARD OF REGENTS. 

The Secretary presented his report of the operations of the Institu- 
tion for the fiscal 3 ear endinjf June 3d, Idol, which was accepted, and 
in which he invited the Board's attention to the statements concerning- 
the National Zoological Park, the International Exchange Bureau, and 
the other interests under their eharg'e. He spoke particularly with 
regard to the crowded condition of the Natunial ^Museum, the need for 
additional space for the exhibition and care of the increasing collec- 
tions, and the need of special action to secure it. 

After discussion, tin- following resolution was adoj^jted: 

Resuh-eil, That a roiauiiltee ci msistin;; uf six iueiiil)ers of this Board he appointed 
by the Chancellor, \vh<jse duty it shall he to rejjrescnt to Congress the pressing 
necessity of additional room for the proper exhil>ition of sp>ecimens belonging to the 
National iluseum, and of ad<litional aj)propriations to i-arry on the work of the 
Museum. 

The Chancellor appointed as members of this committee. Senators • 
Platt, Cullom. and Cockrell, and Bt>pre.s(‘ntatives Hitt, Adani'-, and 
Dinsmore. 

Senator Henderson, as chairman of the executive committee, pre- 
sented the annual r(‘port of that eommitt(-e for tin* fiscal yt>ar ending 
June 3t), Ihul. 

On motion, tlit' report was adopted. 

JtKPOR'r OF THE I’EK.MANEXT COMMITTEE. 

Senator Henderson, cliairman of tin* permaiumt committee, made 
the folloM'ing statement: 

THE HonoKI.Xs EVXIl. 

The Regents will rememher that in addition to the sum uf apj)roximately sil’08,000 
already deposited in the general fund coietituted by the Hodgkins heipiest, and 
iirst-class bonds of a jjreseiit market value of perhaps .-sltljUOO, already in the custody 
of the Institution, a residual sum of about .stkonn is still in the hands of the executor 
of the estate, and is depjosited with the New York Insurance and Trust Company of 
New York City, by order of court, iiwaiting the decision of certain suits in which the 
liability of the estate of Air. iloilgkins, on account of a warranty of title by him in 
the transfi-r of <-ertain jiroperty in New' York ( 'ity, is in (piestion. 

One (jf the two small jjroperties in Elizabeth, N. .1., derive<l by the Institution 
through the ll<i<lgkins becjiicst, was .soM during the year, with the approval of the 
permanent committee, for SiiUO. The remaining projierty, consisting of a single 
house anil lot, the \alue of whicli is estimated at 81, (K), I, has been continued in the 
care of the real estate agents in Elizalreth, who have been charged w ith its manage- 
ment for several years. It is, in the opinion of the permanent committee, desirable 
that this small holding be likewise di.sposcd of wheia-ver an o]ijiortuidty for its sale 
at a fair price is presented. 

THE WEItV FINII. 

The jiropertics received by the Institution from the Avery beijuest have been esti- 
mated to b(‘ worth 82ti,U0U. They arc mostly imimprovcd, and yield a revemn- of 
only about .8'>00 a year. .Mrs. .Julia N Cha.se (formerly .Miss .Julia N. .\very) jire- 
seiited a claim for Sh.'lti against the I iistitntion on account of a sliglit encroacJmient 
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Ity one of tln‘ projxnlies on tile ndjoinin^ pn'iuises owneil i»v lier. After some nej^o- 
tiation the matter was adjusteil liy the j>aynient to Airs, f'hase of the sum of S220 
anil tile l•ouveyan(•e of tlie narrow striji of lanil in i|iiestioii to tlie Institution. The 
eommittee rei-ommemls that in ease a fair pi’iee he offered for any of tliese properties 
tlie Institution dispose of its lioldin<rs. 

Till; \si>i:k«s hihii ksi'. 

At tile last annual meeting of the Keaents the speeitieation in the will of Wallace V. 
.Andrews, deeea.sed, naniiiiL' the Institution a'l the residuary legatee of his estate, 
contingent on tlu' failure of a heipiest for founding at Al'illoughhv, ()hio, an institu- 
tion for the free I'diication of girls, was set forth at some length. It appears that 
after specific heijuests amounting to S."i(fll,nn() have heen executed a residuum of at 
least lsl,00tl,tl0(t will remain. Air. llackett, counsel for the Institution, is in commu- 
nication with the counsel for the (.‘xecutor, and Kdinund ^\A‘tmore, Esp., a member 
of the bar rif the State of New \ork, has abo been retained to look after the interests 
of the Institution in the matter. The following extract i' quoted from Air. I lackett's 
report on the jiresent status of the beijuest. -o far as if concerns the Institution; 

“.\s already stated, th(> scIumuo of founding a young ladies’ school in Ohio is likely 
to prove impracticable. It is signilicant that, as yet. no one in Ohio has taken any 
steps to secure the jiayment of the legacy. I’lider the terms of the w ill certain olli- 
cials, including the governor of the State, are made trustees to administer this fund. 
ThfMuayor of the little town f Al’illoughby l is of the board. This officer has inuuired 
of Air. Hawes as to what has been done in the premi.ses, but noacti\e intiwest is 
exhibited in Ohio f g the reason that there is no one who may be said to have an 
interest in the success of the scheme.'' 

It is hojied that before long an amicable understanding may be had for obtaining 
a ruling of the court as a guide to the executor in carrving out the i>rovisions of the 
will. 

THE .sI>l!.\(ilE EsT. 

The attention of the Regents was called at their last ineetiug to tin' pro\ isions of 
the will of Air. .Toseph Af'hiti' .''pragnc, who. after be(|neathing certain jiersonal 
effects to relatives, directs the executor, in trust, to convert the jiersonalty into money 
and to distribute .s.i ]ier cent of the inconieof the entire e-tate among certain devisees 
until twenty years after the death of the last of said devisees, when the trust will 
expire by limitation and all assets in the hands of the tmsti'e will be couveyi'd to the 
United States of America in accordance with the following jiaragraph in the will: 

“AVheu the trust herein created expires by limitation, a' aforesaid, then all di.s- 
tribution of the income of the tru't pro|ierty is to cease, and said trustee is instructed 
and directed to assign and make over by projier conveyance all trust jiroperty in his 
jio.ssession, whether real or personal, invested or uninvested, to the United States of 
.\merica, to be held by said United States as a portion of the funds of the Smithson- 
ian Institute, to be known as the ‘Sprague fund.' the income of this fund to be useil 
as follows' t )ne-half of said income in each year to be added to the jirincipal. The 
other half of said income is to be exjiended, under the direction of the otiicers of the 
said Institute, in such manner as w ill in their judgment best jiromote the advance- 
ment of the jihysical sciences, either by ariangiiig for the giving of free lectures, on 
.scientific subjects, m different cities and towns of the said I nited States, or by jiro- 
viding for original scieiititic research in the laboratory ami otherwise, or by the jiub- 
lication of the results of original scieiitilie ie~eari lie~, or by offering, from time to 
time, rewards or medals, for meritorious discoveries, or by any or all of these 
methods, as in their judgment mav seemliest. The half ot the gross im-oine tints 
atithorized to be exjieiidcd annually is to lie cumulative, so that the portion of it 
uiiexiiended during any one year may be exjieiided during any siibseijuent year or 
years. ’ ’ 
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PEOCEP^OINGS OF THE BOARD OF REGENTS. 


Althijugh the time at whieli the Int-titution will derive any profit from the abov'e 
legacy may reat^onahly be assumed to be somewhat remote, it is believed, if thenews- 
jjaper estimate of Sl' 00,000 be even approximate!}' accurate, that the amount of the 
fund which will accrue to the Institution will not be inconsiderable. At present 
there would seem to be no further duty imposed upon the Institution than to see 
that the pnjperty is accounted for and is held in safe hands. 

On motion, the report tvu.s aeeeptecl. 

Senator Hender.son. as chairman of the executive committee, pre- 
.sented the followino- re.solution, which was adopted: 

Eendlrfil, That the income of the Institution for the fiscal year ending June MO, 
190M, be approjiriated for the service of the Institution, to he expended by the Sec- 
retary, with the advice of the exe<-utive committee, with full discretion on the part 
of the Secretary as to items. 

UK}10\ At. OF SMITII.SOx's UF.MAIN.S. 

The .Secretary recalled to the Hoard the re-solutiun adopted bv it 
at the last meetino- with regard to the removal of the remain.s of 
James .Smithson. Phe wishe.s of the Board were communicated to 
one of the officers of the English church at Genoa, Mr. E. A. Le 
Mesurier. who, under date of December 'Ao. Ibdl, replied in part as 
follows: 

You are aware that our hope iscventually to obtain for our countrymen a separate 
burying place which by an easy, and I may say obviuu.s, arrangement might be 
made to give shelter not merely to British subjects, but to American also. I regret 
to say. however, that 1 see no <-hani'e for the present of this most desirable consum- 
mation, as the authorities {apparently in consecpience of the ditticulty of finding an 
alternativi' site) hav(“ withdrawn their offer of proviiling us with a fresh cemeterv if 
we allowed them to transfer at < mce all remains from .San Beiiigno, where vour founder 
rests. The present policy of the authorities is j)re.snmat)ly to let things remain as thev 
are until the time comes i three years or so hence) when the law of public utility 
will strengthen their hands as to takimr po.s.session of the l^an Benigno ground, of 
course under the obligation of tran.sjiorting the remains elsewhere, which would in 
all probability mean a portion of the general Prote.stant Cemetery and not a separate 
2 >lai-e of interment. When the time for the transfer aiijiroaches it will he obviously 
exjH'dient to apjil v to the British amhassailor at Rome ( hacked uj) as we are con- 
fident will he the cast' h\' tlu' friendly otlices of the ri'jiresentatiN e of the United 
States! to jiiit the case before the Italian < Tovernment, so that the local authorities 
may he enjoined to c.in v out the piocess with all due revereuci' anil if jiossihle (as 
it ought to h' (lossihlei to a specially reserved new cemetery. Our consul is most 
full\'ali\e to the mijiortameof iliploniatic supjiort and will take the initiative in 
due Cl mrse. 

Mr. Hell licri' said that be would like very much to htivt' in the 
record that he had presented to the Board tit the hist meetino- his 
strong I'eeling that the remtiins of Smithson should bi' bromdit to this 
country. 

The Secreltiry informed Mr. Hell that ids rcimirks were now on the 
written record. 
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SANTA FE PAEACF. 

The Seeretary said that the o'overnoi' of New Mexico had offered to 
transfer to the Institution an ancient Spanish palace in Santa Fe. on 
condition that it be maintained, ivithout cost to the State, as a inus(‘iiin 
of the archivoloey of tlu' •Soulhwc'.t. After discussion tlie Hoard 
decided that it was inadvisable to accept the proposition. 


THF. CAKXKdlF, INSTITL'TTOX. 


The Secretary said that since the foundation of the .'siiiithsonian 
Institution there had })erhaps oecuriaal no ('vent of inon' importance 
to it than the foundation of a new institution — the Carneuie Institu- 
tion — whose declared aims and o('neral purposes were lu'arly those 
which the Institution has hitherto consideivd its own. Mr. t'arneo-ie 
invited the Secretary of the Smithsonian to bi'coim' a member of the 
board of trustees for the management of this fund, in the following 
letter: 


1 ));( K.MHia: 'll, li>01 . 

Dk.^k Sir: I am about to transfer ten iiiilli<jns of .'> j)er cent liomls to a liody of 
trustees for the jiurposes ilescrihed iti the inclosed i>aner. A list of tlie trustees 
selected is also inclosed. 


It will be a S(.(Uree of much pleasure to me if you will kiinllv consent to serve. 
Truly yours, 

Anukkw ('aR.NEIiIK. 

The Seckkt\1£v ok tue Smitiisoni w 1 nstiti tion. 


The letter was accompanied Ity a list of the trtislees and by a state- 
ment of the cotisiderations whieii h'd to tin' ('sttiblishment of the foun- 
dation. The Secretary read the tirticles of incorporation of the new 
institution, tind statt'd thtit aftt'r conference with the Chancellor and 
the chairman of the executive coimnittee. ht' had accepted the trustee- 
ship in the following terms, conditionally on the approval of the Iroard: 

Dkcemhek .'11. mill. 

Dear Sir: 1 beg to acknowledge the receipt of your < oiiinuinieation of the 27th 
instant, with the accompanying papers ontlinin.i: the general purpose of an institution 
or establishment which you i)ropose to fonml in the city of Washington for the 
encouragement of research and kindred purposes, and aho inclosing a list of proposed 
trustees, in which voii are good enough to name the Seeretary of the Smithsonian 
Institution as an ex oliieio member. 

It will give me, personally, great |>leasnre, with the <-onsent ol the Regents, to 
accet't membership upon this hoaul, and 1 desire to e.vpress niv sense of warm recog- 
nition of the large ]>urposes w hieh bare insj)ired yon to make this noble lienefaction. 
I accept such memhership in the absence of knowleilge as to <letails, but in the full 
eonfidenei' of a sympathy with \onr general jnirpose. 

Very resjieet fully, yours. s. 1’. Laxoley. 

N'er/Vto/-//. 

.t.MIRKW C'aR.VEI.II:, I'.sip. 

,Ve. .) ir<s? Fiji fi-ji fill .sp-ci/, A'(» \iirL V'tii. 
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He then .stilted certain considerations with regard to the relation.ship 
of the Smithsonian Tn.stitution to the Carnegie Institution, and asked 
for an expression of the opinion.s of the Regents for his instruction. 
After discussion it was announced as the .sense of the Board that the 
Secretary should accept the trusteeship unfettered by instructions. 

PUBLICATIONS OB' THE IX.STITUTION. 

The Secretary called the attention of the Board to the exhibition of 
Reports and other publications which had bet-n issued b}' the Institu- 
tion during the year. 

The Secretary then .spoke of the atfairs of the Bureau of Ethnology, 
and of the Astrophi'sical Observatory, whose first volume of the 
Annals he exhibited. B'ith regard to the Observatory, the Secri'tary 
.said further that Congress had asked for a report of the appropria- 
tions granted it and of the results obtained. Such a report had been 
.submitted at the beginning of the .session, and had been ordered 
printed. It included the Annals above referred to, and he had been 
enabled to add a number of commendator}' letters from eminent men 
of science, such as Sir Oeorge Stokes, Lord Rayleigh, Lord Kelvin, 
Sir William Huggins. Sir Robert Ball, Prof. Simon Newcomb, Prof. 
E. C. Pickering, Prof. G. E. Hale, and others. 

There being no further business to come before the Board, on 
motion the meeting adjourned. 



REPORT OF THE EXEIT TIVE (’O.MMITTEE OF THE BOARD OF 
REHEATS OF THE SMITHSONIAN INSTITUTION 

Fok TiiK Ykak ExitiNti Oi nk o(', 


Tn ilii Hiidl'if df linfi )ii^~ of flu Sill it lisDinil H I nsf itiitiiili : 

A’olu- pjXt'cuth (’oiiunittcc rcspKctfull v suhiiiits tlio following 
report in relation to the fui\ds of the Insstitiition. tlie appropriations 
by Congress, and tlie receipts and exi)enditur('s for the Smithsonian 
Institution, the U. S. National Alusenin, the International Exchanges, 
the llureau of Ethnology, the' National Zoological Dark, and the 
Astrophysical Ohsei'vatory for the year ending June 8b, Ibbi!, and 
balances of former years; 

SUIT 1 1S( )N IAN IN STITI TION . 

Condition of till Fund didij /. I'.tOf. 

The amount of the be((uest of James Smithson deposited in the 
Ti'easury of the United States, according to act of Congress of 
Auu'ust lo. ISlti, was Sole. '1\) this was added bv authority of 

Congress, February 8, iSiiT. the residuary legacy of Smithson, sayings 
from income, aiul other sources, to the amount of Sled.isol. 

To this also haye been added a beipiest from James Hamilton, of 
Pennsylyania. of Sl.uiiO; a l)(>(|uest of Dr. Simeon llabel, of New 
York, of s.lob; the proceeds of the sale of Yirginia bonds, SbliOOO; 
a gift from Thomas fl. Hodgkins, of New \ork. of 8200. oop and 
SS,00O, being a portion of the re.siduary legircy of Thomas G. Hodg- 
kins, and Sl.bOO. the accumulated interest on the Hamilton bequest, 
making in all, as the permanent fund, Sblg.oOn. 

The Institution also holds the additional sum of S-t^gObO, receiyed 
upon the di'ath of I'honias G. Hodgkins, in registered West Shore 
Railroad 4 i)cr cent bonds, which were, by order of this committee, 
under date of Nlay 18, IMH. placed in the hands of tlu' Secretary of 
the Institution, to be held t)y him subject to the conditions of said 
order. 

xvu 

SM lbb:l ii 
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III I'l I'l r, ijil^ itnil i_j Jii tiditiu'i'fi ft'ijilt ifilllf Ij lUHlj In Jniii' dll, lUOJ, 




('ii<ii (ill lianil July 1, IHIIl (ItvI. I’ti 

Iiitcri'^t ('ll fiinil Jul\ 1, IIMIE 8l’7, 00 

I iitcrc't ( III fiinil .Iiui. 1, 1002 27, MfiO, 00 

54, 720. 00 

Tiiterc-t tc .Tun. 1. 1002, (in We^t Shore hond'^ l.IWO.OO 


C'a.'li from 'Hilc' of iniblicaticjnr MOl.Sh 

t'a<h froin iviiaynient~. freijjht, etc 10, 100.24 


S140, .'lO:!. 26 


10.411.09 


Total receipt'' 


150, 774. 35 


llVI'I'.NIII ITIvKS. 


lliiildiiipo 

Kepair>, care, and iiiiproveiueiit-' .43,311.67 

Fni niturc and lixtiiref 2,604.32 

sio, 015. 00 

< ieneral expeJi'-t>. 

^‘o^tal;■e and Telegraph l.s.5. 36 

Stationery 1,123.03 

Iiicklentalc i fuel. sra!-. etc. I 4, <S51.2o 

I.ihriu'y ihooks, jicriodicals, etc.) 2, .593. 22 

Salarie.-.'’ 23,144.93 

( iallery of art 127.43 

.Meetintr- 260.40 

32. 200. 75 

I’lililicatioii' and rerearcliei-. 

Siiiitlixinian coutriliutioni- 16.00 

AliJcelloneoiis collection' 2,2-50. 15 

lleport' 2, .54,3. 05 

Ue.'earcliC' 5. 497. 63 

-Ipliarariic I. 173 20 

llodykin.' fund 4,92.3.52 

Hell ati'l Kiddei' tun. i 5, .565. 75 

21.970.30 

l,iteiai'\ and '( leiitilic eschanac' 4,453.31 


69, 653. 44 


I’.al.ince luicxpeiided .lime 30. 1902 


31, 120,91 


1 he cu'li received from the sale of publications, from repayments, 
freipht'. etc., is to lie credited to tlie iti'in,' of e.xpenditure. as follows; 


Sniitli'onian contrihiitioii' .323.70 

Mi'cellaneon - c( illcction' 232,49 

Kepoit' 40.66 

3301.3.5 

E.xcluinye' 6, 46:1. 49 

Iiicideiitalr 2,145.75 

Kerearches. 1,500.00 


>10,411.09 


"111 addition to lliealio\e 323.114.9.3. paid tor 
■311,056.05 wcie paid for 'ervice'. \ i/. >4,0.36.31 
31,030 50 to Inniitnie and li.xtuic' a'-cnimt, 
•Sl.3>7 62 to lil)iar\ account, 3.353.73 to app.iratu' 
kiii'-fund account. 


'alanc> nndei' treneral expens-es, 
charged to linildino account, 
1. i22..i,S to tcscaiehc' aicoiint, 
account, and .>1,025.46 to Ilodtr- 
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The net expenditures of the Institution for the yenr cndint>' June 
30, 1002, were therefon' or SlO,4ll.O0 less than the eross 

expenditures, $69,t).')3.4:4, as above stated. 

All inonej’s reeeived by the Smithsonian Institution from interest, 
sales, refunding of moneys temporarily advanced, or otherwise, are 
deposited with the Treasurer of the Ignited States to the credit of the 
Secretary of the Institution, and all payments are made bv his cheeks 
on the Treasurer of the United States. 

Your committee also presents the following statements in regard to 
appropriations and expenditures for objects intrusted by Congress to 
the care of the Smithsonian Institution: 

Dctaih'd xtdimunt of front Ojtjtntiiroftorntt fttitittitilnl hi/ (fottijrrtin to Ihr rorr 

of the Siiiithrtjiiian Iiii~titotwn for Ihr jisfol i/eor nttliinj Jnnr SO, 190S, anti from hal- 
oiirrH of foniirr i/eoi'x. 

INTERXATIOXAL EXCIIANOKS. SMITHSONIAN INSTITl'TXON. lyO'J. 

KhXKIl’Ts. 

Appropriated i)y Congress for tlie tiseal year ending June :I0, 1902. •■for 
expenses of the system of international exchanges hetween tlie 
United States and foreign countries, under tlio direction of Die Smith- 
sonian Institution, including salaries or compensation of all necessary 


employees and the purchase of nece.-^sary l>ooks and perioilicals ” 

(sundry civil act, Jlarcii :■!. 1901 ) $24, ODD. 00 

DISBCRSE.MKNTs. 

(Frotii -Inly I. I'.HIl to .Imio .to. loei ] 

Salaries or compensation: 

1 acting curator. 12 months, at $22.1 $2, 700. 00 

1 chief clerk, 12 months, at $lS:l.;tt 2, IStO. !Mi 

1 clerk, 12 months, at $150 1. SOO. 00 

1 clerk, 12 months, at $125 1, .500. 00 

1 clerk, 2 months, at $125 2.50.00 

1 clerk, 12 months, at $10S.:» 1, 299. 96 

1 clerk, 12 months, at $S0 960. 00 

1 clerk, 12 months, at $.50 600. 00 

1 stenographer, 12 months, at $100... 1,200.00 

1 packer. 12 months, at $.55 660. 00 

1 workman, 12 months, at $.55 660. Ot I 

1 skilled laborer, 1 day. at $2.25 2.25 

1 laborer, 12 nninths, at $45.. 540. (XI 

1 laborer, 1 day, at $2 2. 00 

1 laborer, :U days, at $1..50 5.25 

1 laborer, 5.1 'lays, at $1 .50. 5. 25 

1 laborer. 1 day, at $1.50 1 . .50 

1 laborer, 4 days, at $1 ..50 — 6. 00 

I niessenger, 7 months and 1 1 ilays, at .$:>5 25S. 75 

1 messenger. 5 months anti l.> tlays, at $:10 104. .52 

1 messenger, :! moutlis and 1.5 ilavs, at $25 87. 10 

1 messenger, S months and 51 tlays, at $25; :l.l nionths, 
at $50 ... - 509.44 
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Salaries or compensation — Continued. 


1 carpenter, 15 days, at SS S45. 00 

1 carjjenter, 2 days, a 53 6. 00 

1 cleaner, 157 days, at SI 157. 00 

1 agent, 0 months, at 5.50. 00 

1 agent, 6 months, at 5.50 300.00 

1 agent, ti months, at S15 90. 00 


Total salaries or compensation — 16, 299. 96 

(ieneral expenses; 

Boxes - - 5704. 25 

Books - - 6. 7-5 

F reight 4, 703. 83 

Furniture 31.00 

Stationery 223. 21 

Supplies — 57. 97 

Travel 17.00 

5,744.01 


Total dislmrseineiits .522, 043. 99 

Balance. Inly 1, 1902 1,9.56.01 

I.N'TERN.vno.X.VL EXCH-VNi.iK.s. S.MITHSOXI.^.V IXSTIITTIC >X, ITOl. 

Balance .Inly 1, 1901, as [ler last report 52,935.71 


General expenses: 

Books 

Boxes 

Freight 

Furniture. . . . 

Postage 

Stationery . . . 
Sujiplies 


llIsncKSE.MENTs. 


551.00 
476. 75 
1,601.42 
245. 75 
187. 71 
270. 76 
76. 75 


Total dislmrsements 


2,912. 16 


Balance .luly 1, 1902 


23. 55 


INTEKN.VTION.^L KX<'H.VXi;K.s. SMITHSOM.t.V TX.STITrXIOX. I'.H*). 


Balance .July 1, 1901, as per la.st rej>ort 5.53. 90 

Balance carried, under provisions of KevLsed Statutes, .section 30,80, By the Treas- 
ury Department to the cre<lit of the surplus fund, June 30. 1902. 


.tMKKir.VX KTH.NOLUGY, SJIITHSOXI.VX IX.STITfTIOX, I'JUJ. 


KECKIITS. 

Appropriation by C'ongre.ss for the fiscal year ending June 30, 1902, “for 
continuing ethnological researches among the American Indians, 
under the direction of the Smithsonian Institution, including salaries 
or comf)ensation of all ne<-essary employees and the purchase of neces- 
sary books anil periodicals, fifty thousand dollars, of which sum not 
exceeding one thousand five hunilred dollars may be used for rent of 
building” I sundry civil act, March 3, 19011 ooq Qp 

The actual coniluct of these investigations has been contimied bv the Secretarv in 
the hand.s of Maj. J. W. Powell, director of the Bureau of American Ethnology. 
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I1ISB|-RSEMEN”I>.. 

Salaries or compensation: 

1 director, 12 months, at So75 S4, 500. 00 

1 ethnologist, in charge, 12 months, at S333.3o 3, 999. 90 

1 ethnologist, 12 months, at S200 2, 400. 00 

1 ethnologist, 12 months, at $166.07 2,000.04 

1 ethnologist, 12 months, at $166.67 2, 000. 04 

1 ethnologist, 12 months, at $133.33 1, 599. 96 

1 ethnologist, 2.> months, at $125 312. .50 

1 ethnologist, 12 months, at $125 1, 500. 00 

1 ethnologi.st, 12 months, at $12.5 1,. 500. 00 

1 assistant ethnologist!^ months, at $1_.5| I 3.50. 00 

[6 months, at $100) 

1 assistant ethnologist, 12 months, at $75 9(X1. 00 

1 illustrator, 12 months, at $166.67 2, 000. 04 

1 clerk, 3 months, at $125 375. 00 

1 clerk, 7 months, at $100 700.00 

1 clerk, 12 months, at $100 1, 200. 00 

1 clerk, 12 months, at $100 1 , 200. 00 

1 clerk, 4.1 months, at $63.33 374.9.6 

1 clerk, 12 months, at $75 900.00 

1 editor, 4 months, at $UX) 400. 00 

1 lihrarian, 12 months, at $75 900.00 

1 skilled laborer, 12 months, at $60 720. 00 

1 laborer, 12 months, at $60 720. 00 

1 laborer, 12 months, at $45 540.00 

1 laborer, 225 days, at $1..50 337.50 

1 messenger, 12 months, at $.50 600. 00 


Total salaries nr comiiensation. . . 

General expenses: 

Books and binding 

Drawings and illustrations 

Freight 

Furniture 

Lighting 

Manuscript 

^Miscellaneous 

Postage, telegraph, and teleiihones 

Rental 

Sjiecial services 

Specimens — 

Stationery 

Supplies 

Traveling and held expenses 


3:1, 030. 02 


$1,401.76 
6(K>. .50 
■SO. 43 
25. 75 
125. 66 
1,401.99 
111.. 55 
67. 50 
1, 375. 00 

1, 7.S.S. .50 

2, 920. 25 
731. 07 
5S6. 20 


2, 6S7. 42 

13,993.80 


Total disbursements 
Balance .lulv 1 , 1902 


47, 023. 82 
2, 976. IS 


AJIKKK AN KTlINOlAMiY. litlil. 


Balance .Inly 1, 1901, as per last report 


$2, 684. 69 
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DISBI'liSE-MEXTS. 

(Teneral 

Boi)k.« and l)in(ling S201. O.t 

Drawings and illustrations 104. 31 

Electricity 33. 93 

Freight 1 60. 19 

Manuscript 330. 00 

IMiscellancons . 16. S9 

Postage and telegraph 15. 62 

Services 27. 00 

Special services 34. 00 

Sjjecimens 1,057.90 

Supplies 257. S3 

Traveling and tielil expenses 444.04 


Total dislmrseiueuts §2, 6S2. 76 


Balance .luly 1, 1902 1. 93 

.\MKRI(',\.N KTH.NOLOUY, liN». 

Balance .Tuly 1. 1901, as per last report $5. 19 


Balance carried, under provisions of Kevi.sed Statutes, section 3090, by the Treas- 
ury Department to the credit of the surplus fund, .Tune 30, 1902. 

.V.VniJ.X.Ar. MrsKCM— PRE.SEUV.\TI(.>X UF COLLECTIOXS, 1902. 
ltE< EII’Ts. 

Appropriation by Congre.ss for the fiscal year ending June 30, 1902, “for 
continuing the preservation, exhibition, ami increase of the collec- 
tions from the surveying and exploring expeditions of the Govern- 
ment. and from other sources, including .salaries or compensation of 
alt neces.sary emjiloyees, .S1S0,000, of which sum .S5..500 may be u.sed 
for necessary drawings anti illustration.s for publications of the National 
Museum, and all other neces.sary incidental expenses” (Sunilrv civil 
act, March 3, 1901) SISO, 000. 00 


Kxi'E.snrnuEs. 


[.Inly 1, liKU, e. Jniu- ,!0 1!I02 ] 


Salaries or c(juipensation S161, H,S2. 99 

Sjrecial services 1, ,S15. .55 


Total ser\i<'e,s 

iMiscellane( ais; 

Drawings and illustrations 

Suiiplies 

Stationery 

Travel.. ’ 

Freight 


8163, 69, S, ,54 


82, 147. 05 
3, ,505. 39 
1, 7,53. bS 
1,919. 22 
1,266. ,S4 


10, ,591. 68 


1 74, 290. 22 


Total luiscellaueous 

Total expi'uditures 

Balance .Inly 1. 1962, to meet out.'tanding liabilities 


5, 709. 78 
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of t'j lor i^ojttrir.'^ or roitijn ii>’Ol'ion . 

[July ], IIHH, til JiliH' ,ttl T.ikli ] 

Si-ieiititic stuff: 

1 assistant secretary, 12 months, at Si2.5S.;!;l S2>, 099. tth 

1 lieail curator, 12 montlis. at .'s291.(it) !’i.49'l.92 

1 head curator, 12 months, at |2yi.iiG 2, 499. 92 

1 liead curator. 12 mouths, at S291 (i(> :1.499. 92 

1 curator, 12 mouths, at S200 2,400.110 

1 curator, 12 montlis, at S200.... 2.400.00 

1 curator. 12 mouths, at >^200,. 2.400.00 

1 curator, 12 months, at s!200 2, 400. 00 

1 curator, 9 months 22 days, at SlT.l 1, 702. 22> 

L assistant curator, 12 months, at sil.lo l.SOO, 00 

1 assistant curator, 12 montlis, at sl.iO l.SOO, 00 

1 assistant curator, 12 montlis. at Shlo l.SOO. 00 

1 as.sistant curator, 12 months, at sl.lo l.SOO. 00 

1 assistant curator, 12 montlis, at Sl.lO l.SOO. 00 

1 assistant curator, 12 months, at si:',;!.:!:! I..■>il9,9(i 

1 assistant curator, 12 months, at isl22.22 1..i99. 90 

1 assistant curator, 12 months, at sl2.'> 1. ooo, 00 

1 assistant curator, 12 months, at sllO.OO 1.299,92 

1 as.sistant curator, 12 months, at Sllo.Hil 1.299,92 

1 assistant curator, 12 months, at slio.iiO 1.299.92 

1 second assistant curator. 9 months is day-, at slOO 9oS. 00 

1 aid, 12 months, at SloO 1.200. oo 

1 aid. 12 month', at siOo 1 , 200. Oo 

1 aid. 2 months 9 days, at itloo 220. 00 

1 aid, 11 days, at >^100 20.117 

1 aid. 12 months, at 42. 22 9ti9. tiii 

1 aid. 12 months, at siS2.22 !«I9. 90 

1 aid, 12 months, at S'.42.22i 999.90 

1 aid, 7) months, at 9So.22: 7 months, at >77) 941 07) 

1 aid. 12 months, at s^7.") 900. OO 

1 aid. 2 months, at sitlO IsO. 00 

1 aid, 2 months 24 days, at >00 10,4. oo 

1 aid. 7) months lOdays, at >00; 4 month- 1-2 days, at >.)0. o.),). 10 

1 aid, 1 month h) days, at >00 ,49. 0,1 

1 aid, 12 months, at >7)0 ooo 00 

>.‘)2, sol.is 

Preparators: 

1 ])hoto;;rapher, 12 months, at >177) 2. 100.00 

1 modeler, 10 months 27 days, at >100 I. 0S7. 90 

1 modeler. 59 days, at >2 1 1 i 00 

1 osteologist, 1 2 months, at >90- - 1.040. oo 

1 artist, I month 14 da\s. at >125 1,4.. oO 

1 preparator, 14 days, at >10O 40. Co 

1 preparatoj’. II months 27 da\s.at>90_- 1,0,1.00 

1 preparator. 12 months, at .>45, l,f)20. 00 

I preparator, 12 months, at >.4.) 1,020. (to 

I preparator, 12 months, at >80 900.00 

1 jireparator, 12 months, at >7.) 900.00 

1 prejiarator, 12 month-, at ><0 440.00 

1 pn.*]iarator. 12 months, at >4-) .. 540.00 

1 preparator. I month 1 2 da_\ s. at >40. . . , .).). 44 
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Prejiarators — Continued. 

1 ])re])arat()r, 1 month, at ?^40 _ , - SIO. 00 

1 aetini; eluef taxidermist, 12 iiiontli.s, at S12.5 1, oOO. 00 

1 taxidermist, 12 months, at $100 1, 200. 00 

1 taxidermist, 2 months 9 days, at $90 207. 00 

1 taxidermist, 3 months 2 days, at $75 229. 84 

1 taxidermist, 11 months 19 ilavs, at $60 698. 00 

$14, 960. 45 

Clerical staff: 

1 admini.'trative assistant, 4 months 14 days, at $291.66. 1,312.47 


1 chief clerk, 3 inontli.s, at .$208.34 ; 5 months 19 days, 


at $208. 33 1 , 794. 36 

1 acting (diief clerk, S mouths, at $125 1, 000. 00 

1 editor, 12 montlis, at $167 2, 004. 00 

1 chief of divisicjii, 12 months, at $200 2,400.00 

1 registrar, 12 months, at $167 2, 004. 00 

1 dishursing clerk, 12 months, at $1 16.67. 1,400.04 

1 assistant librarian, 12 months, at $133.33 1, 599. 96 

1 finance clerk, 12 months, at $125 1, 500. 00 

1 stenographer, 6 months, at $175; 6 months, at $166,66. 2, 049. 96 

1 stenographer, 12 months, at $90 1,080.00 

1 stenograplier and typewriter, 4 month.s, at $125 500. 00 

1 stenographer and typewriter, 6 months, at $ 100 ; 6 

months, at $85 1, lit), 00 

1 stenographer and typewriter, .$ months, at $83.33; 4 

months, at $75 906. 64 

1 steintgrapher and typewriter, 12 months, at $50 600.00 

1 stenographer and tyjiewriter, 8 months 36 days, at $50. 458. 65 

1 stenographer and typewriter, 7 months 6 days, at $50. 360. 00 

1 stenographer and typew riter, 3 montlis 2 days, at $50 . 153. 23 

1 stenographer and typewriter, 26 days, at $50 41. 94 

1 tyiiewriter, 12 month.s, at $85 1,020.00 

1 tyjieu riter, 12 monlh.s. at $70 840.00 

1 tyjiewriter, 12 months, at $65 7S0, 00 

1 typewriter. 6 months 21 days, at $45 300.48 

1 typmvriter, 4 months 19 davs. at $45 208. 50 

1 clerk, 12 months, at $125 1,500.00 

1 clerk, 6 months, at $125 750.00 

1 clerk. 12 months, at $1 15 1,380.00 

1 clerk, 12 months, at $100 1 , 200 . 00 

1 clerk, 12 months, at $100 1 , 200 . 00 

1 clerk, 12 months, at $100 1 , 200.00 

1 clerk, 9 months, at $100 900. 00 

1 clerk, S months, at $100; 4 months, at $80 1, 120.0(1 

1 clerk, 3 months, at $83.33 249. 99 

1 clerk, 12 months, at $75. 900. OO 

1 clerk, 12 months, at $75 9(X). 00 

1 clerk, 12 months, at $75 900.00 

1 clerk, 12 months, at $75. 900. (X( 

1 clerk, 12 months, at $75 900.(10 

1 clerk, 3 months, at $75 225.00 

1 clerk, 3 months 15 days, at $55 4,5 

I clerk, 12 months, at $60 720. (K) 

I clerk, 12 months, at $60 720.00 
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Clerical staff — Continued. 

1 clerk, 12 months, at S»>0 $720. 00 

1 clerk, 12 months, at $00 720. 00 

1 clerk, 12 months, at -S60 720. 00 

1 clerk, 12 months, at $60 720. 00 

1 clerk, 1 month, at $60 60. 00 

1 clerk, 12 months, at S-oS 660. 00 

1 clerk, 0 months, at S55 49.1. 00 

1 clerk, 2 months 29 days, at §.>>; 1 month 821 <lays, at 

$.50 - 1140. 05 

1 clerk, 12 months, at $.50 600. 00 

1 clerk, 12 months, at $.50 600. 00 

1 clerk, 8 months, at $.50 400. 00 

1 clerk, 7 months 16 days, at $50 ;>75. 81 

1 clerk, 12 months, at $40 4.S0. (X) 

1 clerk, 12 months, at $40 4, SO. 00 

1 clerk, 10 months 18 days, at $40 425. 25 

1 clerk, 2 months, at $40 ,S0. 00 

1 clerk, 18.1 days, at .$40 25. 87 

1 clerk, 12 months, at $55 420.00 

$49, 099. 65 

Buildings an<l labor: 

1 superintendent, 4 months, at $250 1, OtlO, 00 

1 g.uieral foreman, 12 months, at $122..50 1,470.00 

1 foreman, 12 months, at $.50 600. 00 

1 lieutenant of watch, 12 months, at $70 840. 00 

1 wati'hman, 12 months, at $65 780.00 

1 watchman, 12 months, at $60 720.00 

1 \\atchman, 12 months, at $60 720.00 

1 watchman, 12 months, at $60 720.00 

1 watchman, 12 months, at $60 720. 00 

1 watchman, 12 months, at $60 720.00 

1 watchman, 12 months, at $60 720. (X) 

1 watchman, 12 months, at $60 720.00 

1 watchman, 12 months, at $60 720. 00 

1 watchman, 12 months, at .$00 720. 00 

1 watchman, 1 1 months 0 days, at $60 672. 00 

1 watchman, 12 months, at $.55 660. 00 

1 watchman, 12 months, at $.55 060.00 

1 watchman, 12 months, at $.55 660.00 

1 watchman, 12 months, at $.55 060.00 

1 watchman, 12 months, at $.55 060. 00 

1 watchman, 12 months, at $.55 660.00 

1 watchman, 12 months, at $.55 660. 00 

1 watchman, 12 months, at $.55 660.00 

1 watchman, 12 months, at $.55 660.00 

1 watchman, 10 months 55 da\s, at $,55 613. 39 

1 watclnnan, 10 months 5 day.“, at $.55 .>.58. 87 

1 watchman, 10 months, at $.55 ,5,50.00 

1 watchman, 5 months 17 days, at $.55 305. 16 

1 watchman, 4 months 5 days, at $.55 229. 82 

1 watchman, 2 months 8 days, at $.55 124.67 

1 watchman, 1 month 12 days, at $.55 70.29 

1 watchman, 12 months, at $40 480.00 
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und lalior — I'ontimied. 

1 t-killed lalxirer, 12 uumth^-, at S-Id SfitiO. OO 

1 skilled laborer, 12 nioiitlis, at $.30 liOO. 00 

1 skilleil laborer, 12 months, at $40 480. 00 

I skilled laborer, 1 month 10 days, at $40. 00. 05 

1 workman, Slo days, at SI. 50 409. .50 

1 laborer, 5 month.s, at SOO: 7 months, at S.50 6.50.00 

1 laborer, 12 months, at 8.50. 000. 00 

1 laborer, 12 months, at $.50 - 000. OO 

1 laborer, 12 months, at $45 540.00 

1 laborer, 0 months, at $45; 1.5.S days, at $1.,50 507.00 

1 laborer, 14 days, at $45 20. .■’>2 

1 laborer, 12 mi mths, at $40. 480. 00 

1 laborer, 12 months, at $40 480. 00 

1 laborer, 12 months, at $40 480. 00 

1 laborer, 12 montlis, at $40 480.00 

1 laborer. 11 months 28 days, at $4() 477. o2> 

1 laborer, M months, at $40; 171 days, at $1..50 o79. 50 

1 laborer, 2 months 294 days, at $40 119. :l;l 

1 laliorer, 2 months 19 days, at $40 104. 52 

1 laborer, 24 days, at $40 82. 00 

1 laborer, 21 days, at $40 28. 00 

1 laborer, 15 days, at $40 19.35 

1 laborer, 12 months, at $85 420.00 

1 laborer, 2 month? 46 days, at $85 122. 67 

1 laborer, 8 months 80 days, at $80 120. 48 

1 laborer, 2 months ,80 days, at $88.88 98. 92 

1 laborer, 10 months 8 days, at $25 2.52. 42 

1 laborer, 5 months 191 days, at $25 208.26 

1 laborer, 2 months 6 days, at $25 55. 00 

1 laborer. 1 month, at $25 25.00 

1 laborer. S months 4 days, at $20 162. 5S 

1 laborer. 27 months 2 day.s, at .$20 58. 00 

1 laborer, 2 months 6 days, at $20 44, 00 

1 laborer, 26 days, at $2 52.00 

1 laborer, 84 ilays, at $1.75 59. 50 

1 laborer, 860 days, at $1..5() 540. 00 

1 laborer, .825 days, at $1.-50 487. .50 

1 laborer, 8181 days, at .$1.50 477. 7t> 

1 laborer, 818.1 ilays, at $1..50 477. 75 

1 laborer. 817 da\s, at$l.,50 475. .50 

1 laborer, 815 day-, at $1.,50 472. .50 

1 laborer. 815 days, at $1.,50 472. .50 

1 laborer, 8141 days, at $1..50 471.75 

1 laborer, 818 days, at $1..50 469.50 

1 laborer, 818 days, at $1.50 469. ,50 

1 laborer, 818 ilays, at $1..50. _ 469. .50 

1 laborer, 818 da_\s, at $1..50 ,'i0 

1 laborer. 811 days, at $1.-50 466. .50 

1 laborer, 811 da>s, at $1..50 466, .50 

1 laborer, 810 days, at $1..59 oo 

1 laborer, 809’, da}s, at $1..50 468.88 

1 laborer, 1.55 days, at $1 ..50 282.59 

1 laborer, 187 da>', at$1..5() _ 295.59 
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Buildings and labor — Continued. 

1 laborer, H).5 days, at SI., "a) Sl.oT. .10 

1 laborer, 62 days, at SI. 50 0:1. 00 

1 laborer, 52 <lays, at SC 50 7S. oO 

1 laborer, 40 ilays, at S1.50.- 60.00 

1 laborer, 46 <lays, at SI. 50 (i9. 00 

I laborer, 46 days, at SI. 50 69. 00 

1 laborer, 27 days, at SboO 40.50 

1 laborer, 29 days, at SI. 50 4:1. 50 

I laborer, IS days, at SI. 50. 27. 00 

1 laborer, 17 days, at SI. ,50 25.50 

1 laborer, 17 days, at SI. 50 25. ,50 

I laborer, 15 days, at SC 50 22. 50 

1 laborer, 12 days, at SI. 50. IS. 00 

1 laborer, 10 days, at SI. 50. 15. 00 

I laborer, 7 days, at SI.. 50 10. ,50 

1 laborer, 6', days, at .SI. .50 9. 75 

1 laborer, 6i days, at SI. ,50 9, 75 

1 laborer, 5 days, at Si. ,50 7. ,5o 

1 messenger, 1 month 28 days, at S:1.5 66. 61 

I messenger, 12 months, at 820 240. 00 

1 attendant, 12 months, at ,S40 4.80. 00 

1 attendant, 822.V days, at SI, .50 488. 75 

1 attendant, 155 days, at SI 1.55. 00 

1 attendant, 22 days, at Si 22, 00 

1 attendant, .'U days, at 81 :14. oO 

1 attendant, 5 days, at 81 5. 00 

1 attendant, 4 days, at 81 4. 00 

1 eleaner, 1 month, at 889,50; 10 months 2.8(hi.\s, at 885, 422. 17 

1 cleaner, 12 months, at 835 420. 00 

1 cleaner, 12 months, at 835 420. 00 

1 cleaner, 1 month, at 833; 9 month.s, at S80; .52 da\>, at 

81. .50 :;.si.oo 

1 cleaner. 12 months, at 830 860. 00 

1 cleaner, 12 months, at 880 860. 00 

1 cleaner, 11 months 19 days, at S80 84, S. :!9 

1 cleaner, 11 months 15 <lays, at S80 844. 52 

1 cleaner, 4 months 2:> days, at S80 144. 64 

1 cleaner, 4 months 4 days, at S80 124. 00 

1 cleaner, 1 month 16 days, at S80 45.4,8 

844,861.78 

Total salaries 161, ,8S2. 99 

PRESEl’.V.VrlDN OK COI.I.KCTIONS, I'JUl 
REC El Cl s. 

Balance as per report .lulv 1, 1901 86, .507. 92 

EXI’ENDITrHE.-. 

[luiyi. liKii. tl•.llml■ :ai I'.Hia ] 

Salaries or compensation 8828. 00 

Special services 1, 164. 88 

Total services - 81,492.88 
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Miscellaneous: 

Drawings and illustraticjii.^i 1*425. 77 

Supplies - 1 , 41)9. 71 

Stationery 460. 62 

Travel...' 1,771.21 

Freight 813.74 

Total iniseellaiuHis . 84,941.05 


Total exjiemliture 

Halance .Inly 1, 1902 

of t‘ /'/>/■ xohii'n'< or rom itrorot loit . 

[.July 1. 191)1. to .lime 30. 1903 J 


1 collector, 2 months, at SIOO .*200.00 

1 collector, 1 month 125. 00 

1 caiitain of the watch, 1 day, at S3 3. 00 


Total expenditure 

Total r/atratnif of /'frrtplr anti ej jn’ittlil'i rrs. 
[.Toly 1. 1900, to .lime :io. l')03.] 
KECEIFTS. 

-Appropriation hy ('ongre.^s, .lime 6, 1900 

i;\i>h;Ni>n'ri;Rs. 


Salaries or compensation 

Special services 

Total .services 

Miscellaneoiw: 

Drawings and illustrations 

Sujiplies 

Stationery 

Travel 

Freight 

Total miscellaneous. 

Total exipcnditure 

Balance .Inly 1, 1902 


S159, 174. 45 
r>, 190. 14 


SI 64. 364. .59 


2, 436. 30 
ti. 086. 85 
1.751.99 
3, 490. 19 
1, 795. .59 


15, 560. 92 


l'RK.SEKV.vnOX l)F COLLKCTIONS, 1900 


HECEIITS. 

Balance as per rejiort .Inly 1. ItlOl 


EVl'EN'DITriiEs. 

1. 1*)01. to .Time :;)), 1903 I 


l^iipplies $108.05 

Freight ami cartage 14.03 


S6, 433. 43 
74. 49 


8328. 00 


■8180, 000. 00 


17!t, 925. 51 
74, 49 


8331 . 39 
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DrawinijH and illustration!^ *o0. (K) 

Special services Id9. Id 


Total expenditure. 
Balance 


Sl’HI. 24 


40. 15 


Balance carried, under provision.s of Revised Statutes, section 8090. liy the Treas- 
ury Depai'tiuent to the credit of the surplus fund, .Tune .'lO, 1902. 

2'ottfl iilntenntit of t'eceipiK anti rjpt’tiditnrt’.'t. 

[.Inly 1, is'.iy. til .liiiiii .',11. I'.Hrj.] 

KHCKI I'l'S. 


Approjiriation by Congress IMareh 8, 1899 

KXPKXniTl'ItEs. 


8170, 000. 00 


Salaries or conipen.sation 8145,4(0. 10 

Special services I,.8 !hi. 4.S 


Total services 8147. 800. 5S 

^Miscellaneous: 

Drawing and illustrations. . 984. 99 

Supplies 4, 894. .52 

Stationery l,.80t). .82 

Specimens 10, '509. 52 

Travel 2,800.00 

Freight 2, -588. 80 


Total luiscellaneoiis 


22, 598. 27 


Total exjieniliture.s 109, 9.59. 85 

Balance t 40. 1 5 


Balance carried, under proi'isii'uis of [te\ ised Sttituti's, section ;109il, hy the Treas- 
ury Department to the credit of tlie 'Urplus fund, .lune 80, 1902. 

N.tTIoX.tl. .MI SHf.M— FCItN'ITI KK .\NI) I'.inj, 

RE( Eiris 

Appropriation hy Congress for the li.-cal year ending June 80, 1902, 

“for cases, furniture, fixtures, and aiipliances retpiired for the exhi- 
bition and safe keejiing of the colU'ctions of the National Museum, 
including salaries or compensation of all necessary employees’' tsun- 
(Iry civil act, March 8. 1901 ) — 820, 000. 00 


EXPEXDiriREs. 

I.hilx 1, I'.'Ol, ti>.lwm'30. I'.m2.1 

Salaries or compensation 
Special services 


811,742. 49 
24. 40 


Total services 


81 1, 700. 89 
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Sti_iraf;(_‘ L-asp> 1)0 

Drawi'iv, tray.-j, ftr ,525. 25 

Frameti ami woodwork ol4. 95 

(ilass 1.193.21 

Hardware 811.64 

TooF 37. 61 

(’lotli 72.04 

Lumber 1,320.52 

Paints, oils, ete 299. 68 

Ollice furniture 641. .55 

Leather, rubber, cork 305. 66 

I )ra\\ inijs 103. 00 

Plumbim'- 189. .55 

Paper 51.00 

Floui 1.30 


Total miscellaneous 86,096.96 

Total expenditures 

Balance .luly 1. 1902, to meet outstanding liabilities 

.bcd//.s.*.s- /;;*r.rp.7e/.7n/-e.s t'o/’ or oonitnisnlioit. 

[.luly 1. laol. lo Juiit-ao 1902.] 

1 supervisor of construction, 12 months, at 8127. .50 

1 slio]! foreman, 313 days, at 83.25 

1 car[ienter, 314 days, at 83 

1 carpenter, 31,3 ilays, at 83 

1 carpenter, 260 days, at 83 

1 carjienter, 209 days, at 83 

1 carpenter, 20, S days, at 83 .• 

1 carjienter, 158 ilays, at 83 

1 carpentei, 76 days, at 83 

1 t'ariienter, 73 days, at 83 

1 carpenter, 38 j days, at 83 . 

1 carjienter, S days, at 83 

1 carpenter, 1 day, at 83 

I skilleil laboier. 2,80.1 days, at .82 

1 skilleil laborer. 6 months 70l days, at 865 

1 skilled laborer. 6 months, at 8,83.33 

1 skilled laborer, 3 months, at .860 

1 skilled laborer, ,53 days, at 82 

1 skilled laborer. 52 days, at 82.. 

1 skilled laborer. 10 days, at 83..50 

1 jiaintcr, 1 1 months 4 days, at 875 

1 workman, 323; da\s. at 81.75 

1 clerk, 2 months, at 870 

1 laborer. 2.32 days, at 81.75 . 

1 laborei-, 113 days. at 81..5(''. 

1 laborer. 51 days, at 81. .50. 


817, 863. 85 
2, 136. 15 


81. 530. 00 
1,017.25 
942. 00 
939. 00 
780. 00 
627. 00 
624. 00 
474. 00 
228. 00 
219. 00 
114. 7.5 
24.00 
3.00 
.561. no 
540. 73 
499. 98 
180. 00 
106. 00 
104. 00 
35. 00 
,835. 00 
.566. 78 
140. 00 
406.00 
169. ,50 
76. .50 


Total salaries or cumjiensatiiui 


11,742.49 
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Fr]:MTri;K and I'lui 


i;eikh>i>.. 

Balauce as per report July 1. I'.HlJ 


23 


i;\l-E\DITl ]tl>. 


[.Tul> 1. ]yol. til. Tune -HI, I'.Hia ] 

Salaries or euliipeusatii in SI2. 00 

Total serviee^ 

Miseellaneou.<: 

Drawers, tray.i, etc 

Eraiues anil Wnoihvnrk 

Glass 

Hard wall' 

Tools 

Cloth 

Luniher 

Paints, oils, etc 

Gffice furniture 

Leather and rubber 

Drawing.? 

Plumbing 

Flour 


Total miscellaneous I,o04..>0 


Total regular expenditure .si,, NIK. 50 

Lecture hall; 

Frames and framework 13s. 70 

Hardware 20 

('loth 1K..50 

T.umber 43 3.5 

Chaiis 312.00 

Miscellaneous furnishinas 07. 00 


SI 2. 00 

2t). 25 
20. 00 
.52. 30 
1K,S. 40 
41.27 
.S.S. 02 
1.S2. 17 
123. 71 
1SL77 
2. 0 .s 
120. 00 
400. 43 
1. 20 


Total lecture hall 


.111. 


I .) 


Total expenditure 2.001.34 

Balance July 1. 1002 1.80 


Itihil III III 1'i‘iiiyit.s null f i fii'iiililiii i 

[.Inly 1 . IWKI. til Jnne ;'.0, I'.KU [ 


nn< Kin's. 

.\liliropriatiou by Congre~s June 0, 1000 


S17, .500. (X) 


E.\ I'EXDITrKEs. 


[,lnl> I I'.iul. Ill .liini- ".II I'.iio I 


Salaries or comiiensatiou SS. 005. 7.8 

Special services .. . . 11. .50 


Total ser\ ices 


S8, 107. 2.S 
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Mist-el laiieou.«; 

Exhibition eases 895. DO 

Storage eases ... 587. 00 

Drawers, trays, ete 19-t. 00 

Frames and woodwork 851. 65 

Glass 897. 78 

Hardware 656. 91 

Tools 147.44 

Cloth, et(^ 186. 47 

Glass jars 60.06 

Lumber 1,129.36 

Paints, oils, ete 874. 41 

Office furniture 934. 18 

Leather, rubber, and cork 21 2. 64 

Drawings for eases 161. 75 

Plumbing 1,494.95 

Flour 1.20 

Paj)er 26. 16 


Total niiseellaneous 86, 890. 91 


Total exiienditure 14, 998. 19 

Lecture hall: 

Salaries or euinpensation .547. 50 

Frames and woodwork 868. 92 

Hardware 17. 37 

Cloth, ete 68.63 

Lumber 125. 74 

Chairs 792. 00 

Mortar and plaster 3. 25 

Miseellaneou.s furnishings 67.00 

Stereopticon, ete 331. 00 

Paints, oils, etc 1.38.51 

Drawings for cases .50.00 


Total expenditure for lecture hall 2, 499. 92 


Total CNjicnditure of appropriation 

Balance .luly 1 , 1902. , 

FI KXITl'KK .A.\I> KIXTI RK.S. 

HKCEIITS. 

Balance as per rej)ort .Inly 1, 1901 .qjp §.5 

Balance carried, under provisions of Revised .'-^tatute.s. section 8090, by the Treasury 
Department to the credit of the surplus fund June 30, 1902. 

X.VTIONAL MI SEL'.M— HE.VTIXi; ,1X1) I.riillTIXlt. I'.KJJ, 

KEr-EII'TS, 

Appropriation by ('ongress for the fiscal year emiing June 80, 1902, 

“for expense of heating, lighting, electrical, telegraphic, and telephonic 
service for the National Museum, including .8.5,(KIO for electrical in.stalla- 
tion’’ ( sundry civil act, March 3, 1901 ) 


817, 498. 14 
1. 89 


823, (KM), (Ml 
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EXPENDITURES, REGULAR. 


[July 1, 1901, to June 30, 1902.] 


Salaries or compensation $8, 419. 13 

Special services 27. 75 


Total services $8, 446. 88 

Miscellaneous: 

Coal and wood §4, 486. 52 

Gas - 1, 278, 70 

Rental of call boxes 100. 00 

Electrical sui)plies 317.86 

Electricity 782. 80 

Heating supplies 574. 08 

Telegrams 2. 29 

Telephones 484. 94 


Total miscellaneous, regtdar 8, 027. 19 


Total regular expenditure 


•816, 474. 07 


KLKCTKR' I.N'.STALLATIOX. 


RECEIPTS. 

.4[)proi)riation, * * including 85,00<,) for 

tdectric installation.” 


E.VPENDITURES. 


.Salarie.s or comjiensation 
Miscellaneous: 

Supplies 

Tools 

IVootlwork 


[July 1, 1901, to June 30, 1902.] 
82,090.48 


4. 18 
148. 89 


Total miscellaneous installation 2,875.02 

Total electric installation 4,96-5. ,50 

Total disbursements 21, 4.39. 57 

Balance July 1, 1902 ». 1, 560. 43 

Annbisin <jf f.rjieiitlitHri’x fur mdurier or romjH’iirtiliiui. 


[July 1, 1901. to June 30. 1902.] 

1 engineer, 12 months, at S122..50 81,470. 

1 telephone operator, (> month.s, at 840; 6 months, at 845 510. 

1 telephone operator, 30 ilays, at 81'50 4.5. 

1 superintendent, 4 months, at 8250 1, 000. 

1 clerk, 2 months, at 860 120. 

1 fireman, 12 months, at .860 720. 

1 fireman, 12 months, at 855 00 q 

1 skilled laborer, 2.59J days, at 83 779_ 

1 skilled laborer, 6 months, at 875 4.50 

1 skilled laborer, 44 days, at 83.-50 454^ 

8M 1!»U:2 III 


88^8888888 
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1 skilled klxirei', Tti day>, at Ki.oU 5i266. 00 

1 skilU-d lalinrer, O:! (Li\>, at S.'i.ot) 115. oO 

1 i^killcd lalxifcr, .SO d.iv.^. at .S)..50 105.00 

1 t^killed laborer, 26 dayr, at bS.50: 1 day, at bo_ 94. 00 

1 t^killed laborer, 21 dayn, at S:l .50 73.50 

1 ^killell laborer, 9 days, at So. ,50 31. .50 

1 skilled laborer, SI days, at S3..50 29. 75 

1 skilUsl lalxirer, 0 days, at S:!,.50 21. 00 

1 skilled laborer, 5 day', at .S3..50 17. .50 

1 lal « irer, 244] days, at ,S2 488. .50 

1 laborer, 278; days, at .81. .50 418. 13 

1 lal « irer, 205 days, at 81 .50 397. ,50 

1 laborer, 2.59 days, at 81. .50 388. 50 

1 laborer, 25 days, at 81.50 37. .50 

1 laborer, IS days, at 81. .50 27.00 


Total salaries or l■olll])eIlsatio^ 8,419. 13 

KI.KCTUtc.tl. IXST.\I.I..\T1(>.\. liiiiJ 

1 aetiiift electric foreman, ti months, at 8,s3.33 499. 98 

I clerk, 1 month, at 870 70.00 

1 skilled lal.iorer, 5 months 26.1 <lays, at 875 441. 25 

1 skilled laborer, 139 days, at 83 417.00 

1 skilled laborer, isl ilays, at 83 ,55. .50 

1 laborer, 199 ilays, at 81. -50 298. ,50 

1 laborer, 193J days, at 81.50 290.25 

1 laborer, 3 days, at 81 5o 4. .50 

1 laborer, 3 days, at 81. .5o 4. 50 

1 laborer, 3 days, at 81,50 4.50 

1 laborer, 3 days, at 81.50 4.50 


Total electrical installation 2,090.48 

111: \'l I.NO \.NO l.loHTl.N'O, I'.iin 


imi Hii’Ts. 

Halani'c as |icr I'ciiorl .lul\ I, IOO| 8 |,,SJS 8.09 


EM'ICMini KKs. 


to .Imu* .JO, J 


special .services , 833.0) 


Total services _ 8:13. 

.Misccilancoiis, 

( 'oal and w ood 899. .57 

lias 92.50 

Electricity 109,00 

Tclc)ili. .ncs 138. 54 

Electrical supplies 4.89. 19 

Kent of call ho.xes 20. 00 

I leatino s|i],j,li,.,j o(;(p 1 1 

Tclearaiii' ll.O.s 


70 


Total iiiiscellaneoii' 


1 , 2,80. 05 


Total rcynilai ap[irojiriation 


81, .319. 7.- 
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Electric installation: 

Supplies S.5(>2. 11 

Woodwork <>.00 

Total electric installation . 


S.iKS. 11 


Total expenditures _ SI, 

Balance .Till V 1, llt02 


Totiil stafeiin'iif oj nnd c./pc/e/idor-''. 

[.r>ily 1. I'.XJd. tn June 30, lWf.‘. | 


Appropriation by Congress June H, li»00 S17, 

EX PEN 1 IITI KES, kE( . I 1. A It. 


[.Inly 1, 1'.HK). to .luiio :tu. I'joa.l 


Salaries or compensation 

Sjiecial services 


.$<), (»il7.07 
y,s. :-!() 


Total services, reirular $(>, 27 

Miscellaneous: 

Coal anil wood J, 631. 42 

(ias 1,224.40 


Rental of call boxes 
Electrical suijplies. . 

Electricity 

Heating .supplies . . . 

Telegram.s 

Tele])hones 


120. 00 
SOO. 63 
()46. 77 
767. .S2 
40. 2-5 
7)72,. 10 


Total miscellaneous, regular 7,804.46 

Total regular expenditure 81.'!, 000. s.'i 

KLECTKIC IXsT.ALl.A'I IoN'. 


Included in appropriation of Sl/.oOO. 


8;i, -500. 00 


KM'EMirri KKS. 

Salaries or ci iiupensation — 887r8. 40 

Special services - - 3. 00 

Total set vices 

IMiscellaneous: 

Drawings S-w. .lO 

.'supplies - 2,103.47 

Tools ‘20.14 

Woodwork - — 334.30 

Travel 35.11 


8861.40 


Total iniscellaneous. electric installation 2. 638. .52 

Total electric installation 


3, 4t)0. t)2 


Total expenditure 817 


Balance Julv 1, ltl02. 
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HEATING AND LIGHTING, 1900. 


RECEIPTS. 

Balance as per report July I, 1901 - $0. 02 

Balance carried, uniler provisions of Revised Statutes, section 3090, by the Treasury 
Department to the credit of the surplus fund, June 30, 1902. 

NATIONAL MCSEUM— POSTAGE, 1902. 


RECEIPTS. 


Appropriation by Congress for the fiscal year ending June 30, 1902, “for 
postage stamps and foreign postal cards for the National Museum ’ ’ 

(sundry civil act, March 3, 1901) §.500. 00 


EXPENDITfRES. 

[July 1, 1901, to June 30, 1902.] 

Postage stamps and foreign postal canls ,500. 00 

N.VITONAL MUSEUM— PRINTING AND BINDING, 1902. 


RECEIPTS. 

Appropriation by Congress for ths fiscal year ending June 30, 1902, “for 
the Smithsonian In.stitution, for printing labels and blanks and for 
the Bulletins ami Proceedings of the National Museum, tlie editions 
of which sliall not be less than 3,000 copies, and binding in half tur- 
key, or material not more expensive, scientific books and jiamphlets 
presented to and acquired by the National Museum Library” (sundry 


civil act, March 3, 1901) .$17,000. 00 

E\rENOITrRE.s. 

[July 1, 1901 , to June 30, 1902 ] 

Bulletins of the ^Museum $7, 060. 41 

Proceedings of the Museum 7, 284. 27 

Labels 646.9.5 

Blanks 231.10 

Congressional Record 32. 00 

Congressional documents 166. 50 

Record books ,S6. 30 

Binding 1, 361. 60 


Total expenditures 16, S68. 1.3 


Balance July 1, 1902 


131.87 


NATIONAL MUSEUM— RENT OF WORKSHOPS, 1902 


RECEIPTS. 

Appropriation by Congres.s for the fiscal year eniling June .30, 1902, 

“for rent of workshojts ami teinjiorary storage quarters for tlie 

National jMu.seum ” (sundr}' civil act, March 3, 1901) $4, 400, 00 

EXPEXDITCRES. 

[July 1, 1901. to June 30, 1902.] 


4, 399. 92 


Total exitcnditiires 

Balance July 1, 1902 


08 
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RENT OF WORKSHOPS 


Balance July 1, 1901 SO. 08 

Balance July 1, 1902 08 

RENT OF WORKSHOPS, 1900. 

Balance as per report July 1, 1901 SO. 08 


Balance carried, under provisions of Revised Statutes, section 3090, by the Treasury 
Department to the credit of the surplus fund, June 30, 1902. 

N.VTIONAL MfSEUJI— BUILDING KEP.VIRS, 1902. 


HEC'EI PTS. 


Sl.l, 000. 00 

12, .500. 00 
27, .500. 00 

E.XPENI)ITIRE.S. 


j [Jul.v 1. 1901, to June 30, 1902.] 

I Salaries or compensation $9,512.29 

i Special services 649. 35 


* Total services $10,161.64 

-Misc'ellaneous: 

'4 Lumber 532.51 

i Cement, itlaster, gravel, lime, sand . 339. 05 

Hardware, tools, etc 697. 32 

Paints, oils, brushe.®, etc 421. 47 

Woodwork 164. ,30 

Skylights and ventilators .566. 40 

Glass 56. 27 

y JIarble mosaic floor and tiles 192.72 

J Sewer connections 200. 00 

1 ? Drawings 85. 00 

J Cloth, cotton 6. 19 

Paper 57. >S5 


Appropriation by Congress for the fiscal year ending June 30, 1902 
(sundry civil act, 5Iarch 3, 1901): 

0 “For repairs to buildings, shops, and sheds, National Museum, 

including all nece.ssary labor and material” 

“For removing old boilers in the National Museum building, and 
-( for the purchase and installation of new boilers, including 

material and labor for necessary alterations and connections” 

’4s Total ................................ 


t Total miscellaiieouj; 3,319.08 

f Total expenditure, regular appropriation $13, 480. 72 

I 


J Xeii: bf/ilers. 

'! Salaries or compensation $2,801.93 

^ Special services 31. 61 

* $2, 833. 54 

35. 63 
12. 75 


Total services 
Miscellaneous: 

Advertising 

Drawings 
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Miscellaneous — Continued. 

Concrete fecundations and hrick- 


\v( irk ( by contract ) S91.5. 00 

Brick, stone, cement, lime, "ravel, 

sand 0211. 00 

I’ijce and fittings 863.20 

Pipe covering 131.36 

Hardware and tools 36.5. 19 

Lumber 12.06 

Asphalt pavement 117. 75 

Two water-tube boilers, complete. 6, 0(X). 00 

Removing dirt 127. .50 

Lard oil, etc 6. 50 

Traveling exjienses 32. 50 


Total miscellaneous _ $9, 247. 44 


Total expenditure, new boilers 


812, 080. 98 


Total disbursements 


825, 561. 70 


Baluuc.' .Tuly 1, 1902 1, 938. 30 

of in' I'oiupiinmtlon. 

[.hily 1. I'.iOl, to June 30. I'.KK.] 

1 superintendent, 4 months, at .82.50 81.000.00 

1 foreman, 289-| ilays. at .83.25 940.47 

1 clerk, 1 month 2;! day.-, at 870 123. 67 

1 stenographer and typewriter, 2 months, at 840 80. 00 

1 carpenter, 292 days, at 83 876. dO 

1 carpenter, 279', days, at 83 837.75 

1 carpenter, 111 days, at 83 333.00 

1 carpenter, 1041 days, at 83 312. 75 

1 carjamter. .53 days, at 83 1.59.00 

1 cai'iienter, 46] days, at 83 13S. 75 

1 carpenter, 39 days, at 83 117. 00 

1 caricenter, 25 days, at 83 75. 00 

1 carpenter, 19 days, at .83 57. 00 

1 carpenter, 1 1 <lays, at 83 33. 00 

1 car[ienter, 5 days, at 8-3 15. 00 

1 skilled laborer. 199 days, at .82 ;t9S. 00 

1 skilled laborer, 198.1 day.s, at 82 397.00 

1 skilled laborer, 4 months, at 870 280.00 

1 skilled laborer. 156} days, at 82 313.00 

1 .skilled laborer, 141 days, at 82 2.82.00 

1 skilled laborer, 2 months 20 days, at 865 ])er month 190. 81 

1 skilled laborer, 3 months, at 860 180.00 

1 skilled laborer, 40} days, at 83..50 101.25 

1 skilled laborer, 24 days, at 8L66i; 40.00 

1 skilleil laborer, 10 days, at ,82 20. 00 

1 skilled laborer, 3 days, at 83..50 7 ,50 

1 laborer, 147', days, at 82 50 

1 laborer, 66 days, at 83 j;j.> 00 

1 laborer, 132 days, at 81.75 qI^ 

1 laborer, 13l)j days, at 81.75 

1 laborer, 127.1 days, at 81.75 j.:j 

1 laborer, 1:'.:!', days, at 81. -50 
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1 laborer, 10o| days, at SI. 7.5 Sl,s.5. 00 

1 laborer, 10:1} day s, at SI . 75 1 7S. 94 

1 laborer, 79 days, at SI. 75 l:is. 25 

1 laborer, 75i days, at SI. 75 1.42. 1:5 

1 laborer, :50| days, at SI. 50 46. i:> 

1 laborer. 24 days, at SI. 50 :!0. 00 

1 laborer, 2:51 days, at SI. 50 :55. 25 

1 laborer. 2:51 days, at SI. 50 :15. 25 

1 laborer, 15 ilays, at SI .50 22. .50 

1 laborer, 15 days, at SI. .50 22. .50 

1 laborer, 15 days, at SI. .50 22. .50 

1 laborer, 9 days, at SI. 50 1:5. 50 

1 laborer, S days, at SI. 50 12. 00 

1 laborer, 5 days, at SI . 50 7. 50 

1 laborer, 6 days, at SI. 25 7.50 


9,512. 29 

VKW HuII.KKs 

I steam Utter, 20 days, at .S! S7S. 00 

1 steam fitter 2:5 days, at S:! 09. 00 

1 clerk, 1 month, at S70 70.00 

1 skilled laborer. 2 months, at S70 140,00 

1 skilled laborei, .54 days, at S:5 102. 00 

1 skilled laborer, :59 days, at S2..50 97. .50 

1 skilled laborer, 9', ilays. at S2..50 2:!. 1:5 

1 earpenter. 4S days, at S:5 144.00 

1 carpenter, 41 days, at S:i 12:>. 00 

. 1 helper, 40 days, at SI. .50 00.00 

1 helper. 44} days, at SI. .7)0 67. 15 

1 helper, 40 days, SI. 50 60.00 

1 helper, liO.l days, at SI 5o 59. 25 

1 helper, :)5 days, at S1..50 52. .50 

1 helper, 24 days, at SI .5il :56. 00 

1 laborer, 5S days, at s2 116. 00 

1 laborer, 57 days, at S2 114. 00 

1 laborer, 62 davs, at SI 75 lOS. .50 

1 laborer, .50 days, at SI. 75 98,00 

1 laborer. 54 ilay-. at SI. 75. 94. .50 

1 lal )orer, 54 ilays, at SI . 75 94, 50 

1 laborer, 59} days, at SI. .50 88.88 

1 laborer. 55 days, at SI. 50 82, .50 

1 laborer, 54 days, at SI .50 81 . 00 

1 laborer, 54 days, at SI. 50 81. 00 

1 laborer, .55 days, at SI. 50 79. .50 

1 laborer, 51 .1 days, at SI. 50 77. 26 

1 laborer, 421 days, at SI. 50 6:1. 76 

1 laborer, 41} days, at SI. 50 61.88 

1 laborer, IIO.I days, at SI. 50 54.75 

1 laborer, :!5} da\s, at SI. 50 5:1. 6:i 

1 laborer, :I4} day', at SI. 50 52. 1:1 

1 laborer, 28 days, at SI. 50 — 42.00 

1 laborer, 27 da_\ s, at SI. 50 40.50 

1 laborer, 22 days, at SI. 50. 34. 13 

1 laborer, 42 days, at SI 42.00 


2, 801. 93 
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BUILPISG REPAIRS. 1901. 
RECEIPTS. 

Balance as per report July 1, 1901 

EXPEXDITCEES. 

[July 1. 1901. to June 30. 1902.] 


Special seryiees - - §35. 00 


Total services S35. 00 

Miscellaneous: 

Lumber 30. 28 

Cement, plaster, gravel, lime, san<l 110. 20 

Brick 69.33 

Hardware, tools, etc 362. .30 

Paints, oils, brushes, etc 169.8.5 

Woodwork 5. 65 

(Hass 1. 35 

Terazzo and tile floors 15. 75 

Marble capping 25. 00 

Paper 1. 25 

.Steel plates, angles, etc 58. 93 


Total miscellaneous 849. 89 


Total regular 

Balance July 1, 1902 

ToUtl .itidenieiil of rereij>t!< and i>.i-pendi(ui‘e!>. 
[July 1. 1900. to Juno :lo. 1902.] 
RECEIPTS. 

Appropriation by Congress June 6, 1900 

E.XPEXDITCRES. 

[Jul.t 1. 1900, tu.lune 30. 1902.] 


.Salaries or compensation 87, 661. 44 

.Special services 477. 85 


Total services 88, 139. 29 

Miscellaneous; 

Terazzo and tile floors 2, 0.52. 76 

Lumber 316. 85 

Cement, gravel, sand, etc .585. 80 

Hardware and tools .533. 09 

Paints, oils, brushes 399. 64 

Skylights and ventilator 240. 00 

Steel i)lates, angles, panels, etc 1, 181.02 

Drawings 281.. 50 

Advertising 41. 26 

Travel 52.35 

Woodwork 248. 27 

Bricks 1 28. 83 


§884. 93 


884. 89 


.04 


S15, 000. 00 
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IMipcellaneous — Continued. 

Glass |5. 15 

Decorating walls and ceilings 767. 90 

Marble capping 25. 00 

Paper 1. 2.5 


Total miscellaneous $6, 860. 67 


Total expenditure . . 
Balance July 1, 1902 


nriLDIXG RKPAIRS, liHIO. 

Balance as per report July 1, 1901 

Balance carried, under provisions of Revise<l Statutes, section o090, by 
ury Department to the credit f)f the surplus fund, June JO, 1902. 

NATIONAL MfSEUM— GALLERIES, 1902. 


RECEIPTS. 

Appropriation by Congress for the fiscal year ending June JO, 1902, “for 
construction of two galleries in the National .Museum building” (.sun- 
dry civil act, March 3, 1901 ) 


E.VPENniTlRES. 

[July 1, 1901, to June 80, 1902.] 


Salaries or compensation $2, 104. 02 

Special services 3. 50 


Total services 82, 407. .52 

Miscellaneous: 

Hardware, tools, etc 269. 61 

Cement, gravel, sand, stone, etc 360.92 

Cloth, cotton 24. 28 

Brushes 2. .50 

Lumber 113.99 

Steel beams, iron posts, etc 1,440.51 

MModwork .52. 75 

Paper 15. 00 

Fireproof partitions 275. 00 


Total miscellaneous 2, 554. 56 


Total expenditures 

Balance July 1, 1902 

Anahjsis <if e.rpeiidilures for mlnries or nonproration. 
[July 1, 1901, to June 30, 1902 ] 

1 foreman, 26 days, at S3.25 

1 clerk, 1 month, at 870 

1 skilled laborer, 6 months, at 870 

1 skilled laborer, 6 months, at §60 

1 laborer, 1.59^ days, at 81.75 


814, 999. 96 
.04 

80. 85 
the Treas- 


85, 000. 00 


4, 962. 08 
37. 92 


884. 50 
70.00 
420. 00 
360.00 
279. 78 


XLII 


EEPOET OF THE EXECUTIVE COMMITTEE. 


1 laborer, 136| ilavf', at S272. 50 

1 laborer, 139J day;?, at SI. 75 248.69 

1 laborer, 1355^ daysr, at SI. 75 241. 29 

1 lab( irer, 130 days, at $1 . 75 - 227 . 50 

1 laborer, 1364 days, at SI. 50 204. 76 


Total .salaries - 2, 404. 02 


NATIONAL ilUSEUM— BOOKS. 19U->. 

EECKIPTS. 

Aiiiiroj)riation byCongre.ss lor the tiscal year ending .Iiine 30, 1902, “for 
purchase of books, panijjhlets, and periodicals for reference in the 


Xational Aluseum’’ i sundry civil act, March 3, 1901) S2, 000. 00 

E.M'E.NDITCKEs. 

[Jlll.v 1, 1901. to June :iu, Itto-i.] 

Total expenditures 857.03 

Balance .Inly 1. 1902 1,142.97 

BI.IOKS, 1901. 

KECEIPTs. 

Balance, as per report, .Inly 1, 1901 8858.04 

EVI'ENDITCUES. 

[Jnl.v 1. 1901 to .lime .’>0. I'.HJJ ] 

Total expenilitures 765.90 

Balance .Inly 1, 1902 92. 14 

BOOKS. 1900. 

RECEIPTS. 

Balance, as jicr report. .Inly I, 190] $30.64 

KVCENDITI KEs. 

(July 1. 1901. to June 30. 1902 ] 

Fttrlotrtks v. 2.-55 

Balance... . .. 28.09 


Balance carried, under provisions of Keviseil .Statutes, section 3090, by the Treasury 
Ilepartinent to the creilit of the surplus fund, .lane 30, 1902. 

NATIONAL Ml SKf.M— I’rKcn.ASE OF SPKITMKNs 

RECEIPTS. 

Ajipropriation by CVmgress for the fiscal year ending June 30, 1902, “ for 
purchase of specimens to supply deficiencies in the collections of the 
Xational Musetiiu” ( sundry civil act, Alarch 3, 1901) $10,000.00 


EXPE-NDITlREs 
[lul\ 1, l'K)l, tti .luiu* :i(), I'joi.] 

Total expenditures - ry>f^ -q 

Balance .Inly 1, 1902, to meet outstanding liabilities 2, 471. 30 
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I'I RCHASE OF .-I'ECIMEXS, 1901. 
KECEIPTS. 


Balance as per report July 1, 1901 


S.'l, OoS. 56 


EXEENDITl'ltHS. 

[.Tuly 1. 1901, to .luilL- 30. 190-2.] 


Total expenditures 2 , 9Si>. :19 

Balance July 1, 1902 72. 17 


ASTROPHYSICAI OBSERVATORY, S-MITHSONIAN IXSTITUTIOX, 1902. 

RECEirrs. 

Appropriation by Congress for the fiscal year ending June JO, 1902, “for 
maintenance of Astrophysical Observatory, under the direction of the 
Smithsonian Institution, including salarie.s of a.ssistant.s, the purchase 
of necessary hooks and periotlicals, apparatus, i>rinting and publishing 
results of researches, not exceeding one thousand five hundred coj)ii‘s, 
repairs and alterations of buildings, and miscellaneous exia-n.-'es. twelve 
thousand dollars; that the Secretary of the Smithsonian Institution is 
directed to report to Congress on the first day of the next regular ses- 
sion an entire account of all apjiroiwiations heretofore exiiended by 
the Astrojiliysical Observatory, what results have been reached, and 
what is the ju'esent condition of the work of said Observatory” (sun- 
dry civil act, March J, 1901 ) §12, 000, 00 


niSKCKsEMEXTS, 

Salaries or compensation: 

1 aid, 12 months, at §175 •■!'2. 100,00 

1 assistant, 251- days, at §125 104. 84 

1 a.ssistant, J nionth, at §90 45, 00 

1 junior assistant, 12 months, at §1 10 1,J20.00 

1 clerk, 1 month, at §125 125.00 

1 stenographer, 11 months, at §100 1. 100,00 

1 stenogra])her, 1 month, at §50 50.00 

1 instrument maker, 11 months and 9i days, 

at §80 904. 69 

1 fireman, 12 months, at §50 600, 00 

1 cleaner, 15S days, at §1 - 158. 00 

1 laborer, 4 months and 4 days, at §20 82. 86 


Total salaries or comiiensation §6, .599. :t9 

tieneral expenses: 

Apparatus - . 8.55. 20 

Books - 120.90 

Building reiiairs 146. .50 

Drawings - JO. 00 

Electricity 195. 08 

Furniture - .52.75 

Freight and hauling 9. 19 

Bumber - 4. 06 

Publications - 294. 00 
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(ieneral expenses — Ci mtinued. 

Supplies 

Spei'ial services . 


§578. 52 
869. 72 

§3, 155. 92 


Total disbursements §9, 746. 31 

Balance July 1, 1902- 2, 253. 69 

ASTEOPHYSIC.VL OBSERVATORY. 1901. 

Balance July 1, 1901, as j)er last report §79. 80 


DISBl'RSE.MEXTS. 


General exjjenses; 

Apparatus §26. 00 

Books - - 8. 28 

Gas and electricity 24. 22 

Supplies - 21.38 


Total disbursements 


78. 88 


Balance July 1, 1902 


.92 


ASTRORUYSICAL OBSERV.VTORY, 1901'. 

Balance July 1, 1901, as per last report §2. 99 

Balance carried, under provisions of Revised Statutes, section 3090, by the Treas- 
ury Department to the credit of the surplus fund, June 30, 1902. 

OBSERVATION OF ECLIItSE OF MAY ^8, 1900. 

Balance July 1, 1902, as per last report §765. 74 

NATIONAL ZOOLOOICAL BARK. 1902. 


RECEIPTS. 

Api'ropriation by Congress for the fiscal year ending June 30, 1902, “for 
continuing the construction of roads, walks, bridges, water supplv, 
sewerage, drainage, and for grading, planting, and otherwi.^e iinijroving 
the grounds; erecting and repairing buildings and inclosures; care, sub- 
sistence, purchase, and transportation of animals, including .salaries 
or compensation of all necessary employees; the purchase of necessary 
books and periodicals; the printing and publishing of oi>erations, not 
exceeding one thousand five hundred copies, and general incidental 
expenses not otherwise provided for, eighty thousand dollars; one- 
half of which sum shall be jiaid from the revenues of the District of 
Columbia and the other half from the Treasury of the United States, 
and of the sum hereby appropriated five thousand dollars shall be used 
for continuing the entrance into the Zoological Park, from Cathedral 
avenue and ojieningdriveway into the Zoological Park, including neces- 
sary grading and removal of earth ” (sundry civil act, March 3, 1901) . §80, 000. 00 

l>ISBUIi.8E.MENT.S. 


Salaries or compensation: 

1 superintendent, 12 months, at §225 §2, 700. 00 

1 property clerk, 12 months, at §1.50 1, 800. 00 

1 clerk, 12 months, at §110 1, 320. 00 

1 clerk, 12 months, at §100 1 , 200. 00 
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Salaries or compensation — Continued. 

1 stenographer, 6 months, at §*62.50, and 6 

months, at $83. 33 $874. 98 

1 landscape gardener, 12 months, at §83.33 999. 96 

1 photographer, 2 months, at §80 160. 00 

1 photographer, 31 months, at §70 245. OO 

1 head keeper, 6 months, at §100, and 6 

months, at §112.50 1,275.00 

1 keeper, 12 months, at §60 720. 00 

1 keeper, 12 months, at §60 720. 00 

1 keeper, 11 J months and 13 days, at §60 716. 00 

1 keeper, 12 months, at §60 720. OO 

1 watchman. Hi months and 11 days, at §60 _ 712. 00 

1 watchman, 6 months, at §60, and 6 months, 

at §65 750. 00 

1 watchman, 12 months, at §55 660. 00 

1 a.ssistant foreman, 12 months, at §65 780. 00 

1 blacksmith, 6 months, at §75, and 6 months, 

at §83.33 949.98 

1 a.ssistant hlacksmith, 12 months, at §60 720. 00 

1 workman, 12 months, at §60 720. 00 

1 workman, 6 months, at §50, and 6 months, 

at §60 660. 00 

1 laborer, 12 months, at §60 720. 00 

1 laborer, 12 months, at §55 660. 00 

1 laborer, 12 month.s, at §50 600.00 

1 laborer, 5 months au<l 151 days, at §.50, an<l 

6 months, at §60 6:15.75 

1 laborer, lOi months and 13 days, at §20 218. 39 


Total salaries or compensation §22, 237. 06 

Miscellaneous: 

Buildings §896. 66 

Building material 361. 74 

Fence, cage material, etc 3, 406. 66 

Food 11,26:1.08 

Freight 952. 96 

Fuel 1,251.04 

Furniture 219. 75 

Lumber 8:18. 30 

Machinery, tools, etc 343. So 

Miscellaneous supplies 1,227.64 

Paints, oils, etc 149.96 

Postage and telegraph 72. 24 

Purchase of animals 1, 883. 65 

Road material and grading 4, 095. 46 

Special sers’ices 62. 50 

Stationery, books, etc :159. 93 

Surveying, plans, etc 495. 20 

Traveling and flelil expenses 62. 78 

Trees, plants, etc 41.00 

Water supply, etc - 296. 46 


Total miscellaneous 


28, 280. 86 
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nf luechaiiii-s and laborers ami hire of teams 
in constructing buildings and inclosures, laying 
cvater pipes, building roads, gutters, and walks, 
planting trees, and otherwise improving the 
grounds: 

1 tinner, 21 days, at $4 $10. 00 

1 carjienter, 26 days, at SO 78. 00 

1 carpenter, 30 days, at §3 90. 00 

1 carpenter, 16 days, at $3 — 48. 00 

1 carpenter, .73 days, at $3 159. 00 

1 carpenter, 3104 days, at $3 945. 75 

1 carpenter, 42i ilays, at $3 127. .50 

1 carpenter, 9 days, at ?3 27. 00 

1 painter, 10 days, at $3 30. 00 

1 workman, 31 days, at SI. 75, and 334 days, 

atS2 722.25 

1 laborer, 3344 days, at .S2..50 836. 25 

1 laborer, 35 days, at S2 70. 00 

1 laborer, 350 days, at S2 700. 00 

1 laborer, 3124 days, at S2 625. 00 

1 laborer, 282| days, at 81.75 494. SO 

1 laborer, 337 days, at 81.75 .589. 75 

1 laborer, 1374 days, at 81.75 240.63 

1 laborer, 215] days, at 81.75 377. .56 

1 laborer, 360 days, at 81.75 630.00 

1 laborer, 305J days, at 81.75 .534. 19 

1 laborer, 279’f days, at 81.75 488. 69 

1 laborer, 284 days, at 81.50 -426. 02 

1 laborer, .366 days, at 81. .50 .549. 01 

1 laborer, 39 days, at 81. -50 .58. -50 

1 laborer. 103 'lays, at 81. .50 b54. 50 

1 laborer, 25', days, at 81. .50 37. .s7 

1 laborer, 91| days, at 81. .50 14.63 

1 laborer. 2031- '^ays, at 81. .50 304.88 

1 laborer, 52; .days, at 81. .50 79. 12 

1 laborer, 59', days, at 81. .50 ,88.88 

1 laborer, SI days, at 81. 50 121. .50 

1 laborer, 8'j days, at 81.50 13. 13 

1 laborer, llS.i days, at 81. .50 177.38 

1 laborer, 3711 days, at 81..50 .5.56.89 

1 laborer. 2914 days, at 81. .50 437.25 

1 laborer, Ibl days, at 81..50 17.25 

1 laborer, 3116', days, at 81. .50 4.59. ,37 

1 laborer, 365 days, at 81..50 .547. .50 

1 laborer, 42i days, at 81. .50 64. 13 

1 laborer, 275.| days, at 81. .50 413.64 

1 laborer, 9.1 days, at 81. 50 14.25 

1 laboR'r, 183] days, at 81..50 275.64 

1 laborer, 10] days, at 81.50 16. 12 

1 laborer, 190', days, at 81. .50, and 183 <lays, 

at 8 1.75 60.5.63 

1 laborer, 364] day?-, at 81. -50 547. 13 

1 laborer, 3:33]'days, at 81..50 499 88 

1 laborer. 106'| days, at 81..50 160. 13 
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Wages of iiieehanies, latxuvrs, etc. — ('ontinued. 

1 laborer, 46^ days, at §1.50 §09.38 

1 laborer, 384 days, at 81.50 , . 57. 75 

1 laborer, 10 days, at §1.50. 15. 00 

1 laborer, 212J days, at §1.50 319. 14 

1 laborer, 9 day.-^, at 81..50 13. .50 

1 laborer, 42} day.«, at 81..50 (13.38 

1 laborer, 363 days, at 81..50 .544. .50 

1 latorer, 39} days, at §1.50 .58. 88 

1 laborer, 280} days, at §1.50- 420. 38 

1 laborer, 34.5} days, at §1.50. 518. 62 

1 laborer, 179 days, at §1..50 268.50 

1 laborer, 87} days, at §1..50 130. .88 

1 laborer, 114.1 days, at §1..50 171.76 

1 laborer, 9 days, at 81..50 13. 50 

1 laborer, 344 days, at §1..50. 516. 03 

1 lalxirer, 307 J days, at §1.50. 461. 24 

1 lalxirer, 224 days, at 81. .50 336.00 

1 laborer, 73'] days, at §1.25, and 66 days, at 

81.. 50 191. 19 

1 laborer, 3 days, at §1.25, and 12} days, at 

51.. 50 '. .' 22.88 

1 laborer, 167 days, at §1.50, and 71', ilays, at 

§1.25 339. .55 

1 laborer, 181 days, at § I.. 50, and 1.85 days, at 

§1.25 ' .502.75 

1 laborer, 14} days, at §1 14. .50 

1 laborer, 53} days, at §1 53. 25 

1 laborer, 293 days, at §1 293.00 

1 laborer, 265.1 days, at §1, and .89', days, at 

§1.25 377.06 

1 laborer, 97] days, at §1.25 and 311} days, 

at §1 433. 94 

1 laborer, 278} days, at§l 278.25 

1 helper. 91 days, at §1.25, and 275} days, at §1 . 38ti. 00 

I helper, 360.1 days, at 75 cents 270. 38 

I helper, 25 days, at 75 cents 18.75 

1 helper, 48] days, at .50 cents 24.38 

1 helper, 1.82‘, days, at .50 cents, and 1291 ilays, 

at 75 cents 1.88.25 

1 helper, 23} days, at .50 cents 11. .88 

1 water boy. 22', days, at 75 cents 16.69 

1 attendant, -54 days, at 75 cents 40. .50 

1 attendant, 8 days, at 75 cents 6.00 

1 attendant, 330 days, at 75 cents 247. -50 

1 sand dredger, 72} cubic yards, at 60 cents, 

and laborer, 60 days, at §1..50 133..50 

1 stonebreaker, 35.1 cubic yards, at 60 cents. ,. 21. 30 

1 stonebr(“aker, 33 cubic yards, at 60 cents 19. 80 

1 wagon and team. 157 days, at §3, and 911 

days, at §3.25 768.38 

1 wagiin anil team, 17 days, at §3, and 20 days, 

at §3, 2-5 - 1 1<>. 00 

1 wagon and team, 74 days, at •83.. 222.00 
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Wages of mechanics, lal)orers, etc. — Continued. 

1 horse and cart, -t da}’s, at §1.60 1 §6. 40 

1 horse and cart, 81J days, at $1.50, and 16 

days, at §1.60 148.23 

1 horse and cart, 94 days, at §1.50, and 55 

days, at $1.60 229.00 

1 horse, 339 days, at 50 cents 169. 50 

Total wages of mechanics, etc §23, 996. 85 

Total disbursements §74, 514. 77 


Balance July 1, 1902 5, 486. 23 

NATIONAL ZOOLOGICAL I'AKK, 1901. 

Balance July 1, 1901, as per last report §9, 802. 29 


DISBURSE.MENTS. 


General expenses: 

Buildings §884. 42 

Building material 8. 30 

Fencing, cage material, etc 2, 543. 41 

Food 1, 056. 97 

Freight 498.57 

Fuel 24.00 

Furniture 187.60 

Lumber 249. 60 

^Machinery, tools, etc 169. 22 

^Miscellaneous 230. 42 

Paints, oils, glass, etc ''55. 76 

Postage, telegraph, and telephone 81.63 

Road material an<l grading 2, 928. 40 

Stationery, books, printing, etc 397.07 

Surveying plans, etc 414.00 

Traveling and field expenses 28. 05 

Trees, plants, etc 19. .30 

Water supply, sewerage, etc 8. 29 


Total <lishurseinents 9, 785. 01 


Balance July 1, 1902. 17. 28 

N.VTIONAL ZOOLOGIC.AL PARK, 1900. 

Balance July 1, 1901, as j>er la.st reixirt $394. 30 


TUSBCKSE.MENTS. 


General expen.ses: 

Buildings §110. 61 

f’encing, etc 13. 45 

Freight 179.08 

Machinery, etc 37.91 

Miscellaneous 13. 31 

Surveying, plans, etc 25. 00 


379. 36 


Balance ............. __ 

Balance carried, under i)rovision.s of Bevi.sed Statutes, .section 3090, by the Treasury 
Department to the cre<lit of the surplus fund, .June .30, 1902. 
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RECAPITULATION. 

The total amount of fumls administered by the Institution during tlie year ending 
June 30, 1902, appears from the foregoing statements and the account books to liave 
been as follows: 


SMITHSONT.\X INSTITUTtO.V. 


From balance of last year, July 1, 1901 S83, 903. 26 

From interest on Smithsonian fund for the year 54, 720. 00 

From intere.st on IVe.at Shore bonds 1, 080. 00 

From sales of publications 301. 85 

From repayments, freight, etc 10, 109. 24 

$150, 774. 35 


ACPKOPRI.VriONS CO.M.MITTEI) KY toNOKEsS TO THE CAKE OF THE I .VsTITUTlo.V. 

International exchanges — Smithsonian Institution: 

From balance of 1899-1900 $53. 90 

From balance of 1900-1901 2, 935. 71 

From appropriation for 1901-2 24, 000. 00 

$26, 989. 61 

American F.thnology— Smithsonian Institution: 

From balance of 1899-1900 5. 19 

From balance of 1900-1901 2. 684. 69 

From appropriation for 1901-2 50, 000. 00 

52, 6,89. 88 

Preservation of collections — National Museum: 

From balance of 1899-1900 .331.39 

From balance of 1900-1901 H, 507. 92 

From ajtpropriation for 1901-2 l.sO, 000. 00 

186, 839. 31 

Furniture and fixtures — National Museum: 

From balance of 1899-1900 11. 85 

From balance of 1900-1901 2, 096. 23 

From appropriation for 1901-2 20, 000. 00 

22, 108. 0.8 

Heating and lighting, etc. — National Museum- 

From iialaiice of 1899-1900 .02 

From balance of 1900-1901 1, 8,88. 09 

From appropriation for 1901-2 23, 000. 00 

24, 8,88. 1 1 

Postage — National Museum: 

From appropriation for 1901-2 500. OO 

Printing — National Mu^um: 

From appropriation for 1901-2 17, 000. (X) 

Rent of wiirkshops, etc. — National Museum: 

From balance of 1899-1900 .08 

From balance of 1900-1901 .08 

From appropriation for 1901-2 4. 40(1. 00 

4, 400. 16 

Building repairs — National IMuseum: 

From balance of 1899-1900 .85 

Frc.im balance of 1900-1901 ss4. 93 

From appropriation for 1901-2 27, 500. 00 

28, 385. 78 

Galleries — National Museum : 

From appropriation for 1901-2 Opp pp 

SM 1902 1\' 
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Books — National Museum : 

From balance of 1899-1900 §30. 64 

From balance of 1900-1901 858. 04 

From appropriation for 1901-2 2, 000. 00 


Purchase of specimens — National Museum: 

From balance of 1900-1901 3, 0.58. 56 

From appropriation for 1901-2 10, 000. 00 


Astro{)h ysical Observatory — .'Smithsonian Institution : 

From balance of 1899-1900 2. 99 

From balance of 1900-1901 79. 80 

From appropriati(jn for 1901-2 12, 000. 00 


Observation of eclipse of May 28, 1900: 
From balance July 1, IttOl 


§ 2 , 888 . 68 


13, 058, 56 


12, 082. 79 
755. 74 


National Zoological Park: 

From balance of 1899-1900 394. 30 

From balance of 1900-1901 9, 802. 29 

From appropriation for 1901-2 80, 000. 00 

— 90, 196. 59 

■SUMM.VRV. 

Smithsonian Institution .8150, 774. 35 

Exchanges 26, 989. 61 

Ethnology 52, 689. 88 

Pre.servation of collection.s 186, 839. 31 

Furniture and fixtures • 22. lOS. 08 

Heating and lighting 24, 888. 11 

Postage 500. 00 

Printing 17, 000. 00 

Rent of workshops 4.400. 16 

Building repairs 28,385.78 

Galleries - 5, 000. 00 

Books 2, 888. 68 

Purchase of specimens 13, 058. 56 

.\strophysical Oh.«ervatory 12.082.79 

Observation of eclipse of May 28, lOtX) 7.55. 74 

National Z(wlogical Park 90, 196. 59 

63S, 557. 64 


The committee hu.s examined the voueher.s for payment from the 
Smithsonian income dnrinjr the year ending- June 30, li»02, each of 
which ))ear.s the approval of the secretary or, in his absence, of the 
acting- secretary, and a certificate that the materials and services 
charged were applied to the piirpo.ses of the Institution. 

The committee has also examined the accounts of the several appro- 
priations committed by Congress to the Institution, and tind.s that the 
balances hereinbefore given eorre.spond with tin* eertiticate.s of the 
disbursing clerk of the Smith.sonian In-titution, whose appointment 
as such disbursing officer ha.s been ae<-epted and his bond approved bv 
the Secretary of the Treasury. 

The quarterly accounts current, the vouchers, and journals have 
been examined and found eorreet. 
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« Statement of reijn.lar income feom the Siiiithaoiikiii fvniJ itrnilable foe nee in the year 
^ endimi Jane SO, IMS. 

,J Balance July 1, 1902 S81, 120. 91 

■* Interest due and receivable July 1, 1902 $27, 360. 00 

^ Interest due and receivable .lanuary 1, 1903 27, 360. 00 

'§ Interest, West Shore Railroad bonds, due July 1, 1902 S40. 00 

Interest, West Shore Railroad bonds, due Januarv 1, 1903. 840. 00 

■j ‘ 56, 400. 00 


ft*. 


Total available for year ending June 30, 1903 137, 520. 91 

Respectfully submitted. 

J. B. IIendeksox. 

Alexander Graham Bell, 
Robert R. Hitt, 

iL.icciit n'o C '<nn m /ttee. 


Washin(;ton, D. C., JinnKirij /J, 



ACTS AXD RESOLUTIONS OF CONGRESS RELATIVE TO 
THE SMITHSONIAN INSTITUTION, ETC. 

[Coritimie<l from Report'^.] 


[Fifly-NtN entli rongro'", -**•<. otnl '‘e'*'‘ion,] 

SMITHSONIAN INSTITUTION. 

Smithsonian Deposit [Library of Congress]. — For custodian, 
one thousand five hundred dollaiN; one assistant, one thousand two 
hundred dollars: one nie.ssenger. seven hundred and twenty dollars: 
one mes.senger bo\'. three hundred and r-ixty dollar';: in all, three 
thousand .seven hundred and eighty dollai'.s. (Approved Fel)ruary 25. 
19U3: Statutes. XXXII. 8t>4.) 

Exchange of Public Docu.ments [Library of (Jongre.ssJ. — For 
expenses of exchanging public documents for the publications of for- 
eign governments, one thousand eight hundred dollars. (Approved 
February 25. 190,3: Statutes. XXXII. 805.) 

KATIONAT, MUSEl M. 

For cases, furniture, tixtui'es. and appliances rerjuired for the exhi- 
bition and .safe-keeping of the collections of the National Museum, 
including .salaries or compen.sation of all necessary employees, twenty- 
two thousand five hundred dollars. 

For expense of heating, lighting, electrical, telegraphic, and tele- 
phonic service for the National Museum, eighteen thon.sand dollars. 

For continuing the preservation. exhil)ition. and increase of the col- 
lections from the survey ing and exploring expeditions of the Govern- 
ment, and fi'om other .sources, including .salaries or compensation of 
all necessarv employees, one hundred and eighty thousand dollars, of 
which sum five thousand live hundred dollars may be used for neces- 
sary drawings and illustrations for publications of the National 
Museum, and all other nece.s.sary incidental expenses. 

For purchase of specimens to supply deficiencies in the collections 
of the National Mn.seum, ten thon.sand dollars. 

For purchase of books, pamphlets, and periodicals for reference in 
the National Alusemn, two thousand dollar-. 


Lin 
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For repairs to buildings, shops, and sheds, National Museum, includ- 
ing all necessaiT labor and material, lifteen thousand dollars. 

For rent of workshops and temporaiy storage (juarters for the 
National Museum, four thousand four hundred dollars. 

For postage stamps and foreign postal cards for the National 
Museum, live hundred dollars. (Approved March 3. 1903; Statutes, 
XXXII, 1101. 110:.b) 

Building for National Museum; To enable the Regents of the 
Smithsonian Institution to commence the erection of a suitable fire- 
proof building with granite fronts, for the use of the National 
Museum, to be erected on the north side of the Mall, between Ninth 
and Twelfth streets northwest, substantially in accordance with the 
Plan A. prepared and submitted to Congress bv the secretary of the 
Smithsonian Institution under the provisions of the act approved 
June twenty-eighth, nineteen hundred and two, two hundred and fifty 
thousand dollars. Said building complete, including heating and ven- 
tilating apparatus and elei ators, shall cost not to exceed three million 
five hundred thousand dollars, and a contract or contracts for its com- 
pletion is her('by authorized to be entered into subject to appropria- 
tions to be made bv Congress. The construction shall be in charge of 
Bernard R. Green, superintendent of Buildings and Grounds. Librari" 
of Congress, who shall make the contracts herein authorized and dis- 
burse all appropriations made for the work, and shall receive as full 
compensation for his services hereunder the sum of two thou.sand dol- 
lars anmialli’ in addition to his present .salary, to be paid out of said 
appropriations. (Approved March 3, 199,3; Statutes. XXXII. 110;>.) 

For the Smithsonian Institution, for printing labels and blanks, and 
for th(‘ “Bulletins" and ■’Proceedings" of the National IMuseum, the 
editions of which shall not be less than three thousand copies, and 
binding, in half turkey, or material not more expensive, scientific 
books and pamphlets presented to and aiapiired by the National 
Museum Library, seventeen thousand dollars. (Approved March 3, 
1903: Statutes. XXXII. 11-lfi.) 

For preservation of collections. National Museum, sixty cents. 
(Approved March 3. 1903; Statutes, XXXIl, Bd5.) 

INTE KNATIONAI. EXCHA NG ES. 

I or expenses of the system of international exchanges between the 
United States and foreign countries, under the direction of the Smith- 
sonian Institution, including .salaries or compen.sation of all necessary 
employees, and the purchase of neces.sary books and periodicals 
twenty-six thousand dollars. (A[)proved March .3. I'.tog- Statutes 
XXXII, 1101. j ’ ■’ 
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Geological Survey. — For the purchii.se of nece.s.sarv book.s for the 
libraiy, including directories and profe.ssional and scientific period- 
icals needed for statistical purposes, not to exceed two thousand dol- 
lars, and the payment for the transmission of public documents 
through the Smithsonian exchange, four thousand dollars: in all, six 
thou.sand dollars. (Approved March 3, 11(03; Statutes. XXXII, 1118.) 

Xaval Observatory. — For n'pjiirs to buildings, fixtures, and 
fences, furniture, gas, chemicals, and stationery, freight (including 
tran.smission of public documents through tin' Smithsonian exchange), 
foreign postage, and expressage, plants, fertilizers, and all contingent 
expenses, two thousand five hundred dollars. (Approved Februaiy 
25. 1003; Statutes, XXXII. 8.89.) 

BL'REAU OF AMERKAX ETIFXOI.OCY. 

For continuing ethnological researches among the American Indians, 
under the direction of the Smithsonian Institution, including salaries 
or compensation of all necessary employet's and the purchase of neces- 
sary books and periodicals, forty thousand dollars, of which sum not 
exceeding one thousand five hundred dollai's may be useil for rent of 
building. (Approved March 3. 19o3; Statutes, XXXII. llGl.) 

NATIONAL ZOOLOGICAL BARK. 

For continuing the construction of roads, walk.', bridge.', water 
.supply, sewerage and drainage; and for grading, planting, and other- 
wise improving the grounds; erecting and repaii-ing buildings and 
inclosures; care, subsistence, purcha.se. and transportation of animals; 
including salaries or compensation of all necessary employees, the pur- 
chase of necessary books and periodical', the printing and pidilishing 
of operations, not exceeding one thousand tivi' lumdred copies, and gen- 
eral incidental expenses not otherwise )n-ovided for, ninety-five thou- 
sand dollars; one-half of Avhich .'Um shall be jiaid from the revenues of 
the District of Columbia and the otlu'r half from the Treasury of the 
United States. (Approved iNIarch 3. 1!»03; Statute'. XXXII. 1102.) 

For Adams Mill road, Columbia road to Zoo. gi’ade and improve, 
seven thousand dollars. (Approved March.". 1903; .Statutes. XXXII, 
963.) 

That in order to more fully carry out the intent of tin' provision in 
the appropriation act approved .Inly first, nineteen hundred and two, 
providing for the expen.ses of the government of the District of Colum- 
bia. authorizing the readjustment of the lines of the streets on the 
east side of the Zoological Park, the Commi."ioners of the District of 
Columbia be, and they are hereby, authorized to use as a highway so 
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much of the Zoological Park as lies within a proposed street on the 
ea^t side of said Zoological Park between Kenyon street and Klingle 
road, the bounds of said street being located as follows: The east build- 
ing line to be distant fifteen feet fi’oni the present improved thirty- 
foot roadway and the west line to be distant forty-tive feet from the 
present improved thirty-foot roadway. (Approved March 3, 1903; 
Statutes. XXXIl, 9tJ3.) 

ASTROPHYSICAI. OBSERVATORY. 

For maintenance of Astrophvsical Observatory, under the direction 
of the Smithsonian Institution, including salaries of assistants, the 
purchase of necessary books and periodicals, apparatus, making neces- 
saiT observations in high altitudes, printing and publishing results of 
researches, not exceeding one thousand five hundred copies, repairs 
and alferations of building' and miscellaneous expenses, fifteen thou- 
sand dollars. (Approved ^larch 3. lt«)3; Statutes. XXXII, 1101.) 

ILLU.STKATIONS IX GOVERNMENT DOCUMENTS. 

That no part of the appropriations herein made for printing and 
binding sliall be used for any illu.stration. engraving, or photograph, 
in any document or rejiort ordered printed by Congress unless the 
order to print expressly authorizes the same, nor in any document or 
report of any Executive Department or other Government establish- 
ment until the head of the Executive Department or Government 
establishment shall certify in the letter transmitting such report that 
the illustration is necessary and relates entirely to the transaction of 
public business. (Sundry civil act, approved Mai-ch 3, 1903; Stat- 
utes, XXXII, 1147.) 
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FOR THF YEAR EXDINlI JUNE :5ll, Ifllll 


To ih'‘ Ijourd of R<(/t iitx of flu- Sni/t/ixo/tom I oxi dot too . 

Gextlejiex: I have the honor to pro!<ent herewith iny report .show- 
ing the operations of the Institution during the year ending Jiint' 30, 
190:^, including the work placed under its direction l)y Congress in the 
United States National Aluseuin. the Buriaiu of American Kthnology, 
the International Exchanges, the National Zoological Park, and the 
Astrophysical Observatory. 

Following the precedent of several years, theri' is given, in the body 
of this re])ort. a general account of the ati'airs of the Institution and 
its bureaus, while the appendix pre.sents more detailed statements by 
the jiersons in din'ct charge of the different branches of the work. 
Independently of this, the optU'ations of the National Museum are 
fully treated in a separate volume of the Smith.sonian Report, and the 
Report of the Bureau of American Ethnology constitutes a volume 
prepared under the supervision of the Director of that Bureau. 

THE SMITHSONIAN INSTITUTION. 

THE E.STAHLISHMENT. 

Bv act of C’ongrt'ss approved August IH. the Smith.sonian 

Institution was created an Establishment. Its statutory members arc 
the President, the \Ace-President, the Chief Justice of the United 
States, and the heads of the. Executive Departments. The i)reroga- 
tive of the Esta])lishnient is •‘the supervision of the affairs of the 
Institution and the advice and instruction of the Board of Regents." 

On the death of President AIcKinley on September Id, l9t)l, Vice- 
President Roosevelt succeeded to the Presidency and a vacancy 
occuna'd in the vice-presidency. Other changes were caused by the 
resignation of the Hon. Lyman J. Gage. Secretary of the Treasury; 
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the Hon. ,Iohu 1). Lony, ^^ocrntiirv of the M;ivy. imd tlielloii. (’h;irle.'=( 
Eoioiy Smith. PustiiuiHer-tjreneral. 

A.s organized on June d' h ly0:2. the Establhshment eon.^isted of the 
following ex officio memhers: 

IhlEODORE IpKJSEA'E^I.T. yVovVA-z/f UiittiAl Stufr-s. 

{\ acuncv), I III - L^i'i xiifi nf nf flu I mfril Sfiifis. 

l\ri:LVILr.E W. EcEEE^R. ('hiifjiixiict of flu- Cnitul Sfiiftx. 

John Hay. Sri-i'itn/oi of Stuti-. 

Le;slte’. ]\E Shaw. Sii-rifuri/offlii Ti'iii>oi nj. 

Ei.nu' Root. S.i-i-ifuni o f Wur. 

PlIIEANDElt V. KS()\. ^IfforHi I/- fh lli-rilf. 

IlENiiA' t'. Payne, I'listnuisti r-(ii m I’al. 

Wir.LiA-u H. Hood A’. S^rnfuri/ of th^ Jfi-doj. 

Ethan Alle:n Hit(ticock. S,c/-ifii/-i/off/ic Infrrior. 

Jaaies Wilson. Sivn.fiirij of A<irfriilfiiri . 

hoakd of ueoeints. 

The Board of Regents con.si.sts of the Vice-President and the Chief 
.Justice of the I'idted States a> ex officio nicnihers. three memher.s of 
the Senate, thret' meinli(>t> of the IIou.-;!' of Ih'prescmtatives, and six 
citizi'ii', ■’two of uhoin shall he residmits of th(' ihty of AVashington 
and the other four .'hall he inhabitant' of some State, hut no two of 
them of the 'ame State." 

In accordance Avith a rt'.'olution of the Board of Regents adojited 
.lanuary. l.s'.to. In which its annual iiKH'ting (xaairs on the fourth 
AA'cdne'day of each year, the Board nad on January ig. I'.toe. at lt> 
o'clock a. 111 . 

The folloAving' i' an abstract of its procc'eding'. Avhich aaIU he found 
in detail in the* annual re])ort of the Board to Congress: 

The Secretary stated that \'ic(‘-President Roosci cdt had iieeii ex officio 
a mciiihcr of th(> Board, hut that In naisoii of his succc'ssion to the 
Prt'sidency through the dcaith of Prc'sident Mciviidev his imanhership 
upon the Pxtard had cea'cd. and In* laid become the presiding officer 
of the' Tnstitiitioii. In acc-ordaiicc' with precc'dc'iit, an iin itation had 
hc'cii extended to the Prcsidi'iit pro teinjKire of the Senate', the Hon. 
William Ih Frye, to attcuid the meeting- in ])laco of the A'ice-President. 

He announced the- reappointinent. as Regents, of Reprcscmtatives 
R. R. Hitt. Robert Adams, jr.. and Hugh A. Dinsniore. whose ternrs 
had e.x])iri‘d. 

The ScM-retary iire.sented his report of the operations of the Institu- 
tion for the hscid year ending .Fiine .'to. p.in|. inviting the Board's 
attiaition to the statements concerning the National Zoological INirk. 
the International Exchange' Biiri'an. and thi' other intc'ivsts under 
their charge. He sp,,ke particularly Avith regard to the- crowded con- 
dition of the- National .\rus,.inn. the ni'C'd for additional -pace for the 
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exhibition and care of the inereasinij; eolleeti()n>. and the need <jf 
special action to secure it. 

After discussion, the following re.solution was adopted: 

Hi-xol rril. That a conimittoe consisting of six members of this Board 
be appointed by the Chancellor, whose duty it shall bi' to represent to 
Congrt'ss the ju't'ssing necessity of additional room for the proper 
exhibition of specimens belonging to the National Museum, and of 
additional appropriations to carry on the work of the Museum. 

The Chancellor appointed as inenibers of this committee Senators 
Platt. Cullom. and Cocki'ell. and Beju’esentatives Ilitt. .Vdams, and 
Dinsmore. 

Th(‘ Board ado})ted tht' annual reports of the executive and })erma- 
nent committees, which had been presented by their chairman. Senator 
Henderson. The usual re.solution relative to income and expenditure 
was adopted. 

The Secretary read a letter from the autlK)riti(>s of the British 
burial ground at (ienoa. stating that when tlu' tinu' arrives! for the 
abolition eef the cemetery by the Italian (Tovernment and the transfer 
of the ieodies there to a new site, the remains of Smithson would be 
reinteri’ed with due reverence and <-are. 

Mr. Bidl said that In' would like* very much to have' the' re'e'eerel.s .'he>w 
that he hael prese'iiteel tee the' Beearel at the- last me'e'ting an e'xpres-.ieen eif 
his streeiig fe'cliiig that the remains e)f Smithse)n shouhl be lerought to 
this country. 

The Secretary saiel that the' governor of New Mexico hael eetfered to 
transfer to the- Institutieen an ane-ie-nt Spaiush palae e' in Santa Fe. een 
condition that it be maintaiiu'd. witheeut e-e)st to the' State', as a museum 
e)f the are'ha'eelogy eef the Semthwi'st. After elise'ussieeei the' Beeard 
decided that it was inaelvisable te) ace-epd the propexition. 

The Secretary said that sine-e the fenmdatieni eef the' Smithsonian 
Institutieen tlie'ie hael pe'i’liajes eee-e-uri'e'd nee e'vcnt of meere' impeertance 
tee it than the feeunelatieen eef a ne'w institutieen — the' Cai'ne'gie' Institu- 
tion — whose dee'lareel aims and ge'iieral purjieeses we're* nearly those* 
which the Institution has hithertee considered its own. Mr. Carnegie 
invited the See'retarv of the Smith.sonian tee become a me'iiileer of the 
board of trustees feer the management eef this fuiiel. in the following 
h'tte'r: 

l>Ee'EMieER 27, 19e)l. 

Pear 8ir: I am about to transfer ten luillioii': of .7 jn-r i-ent leoiuP to a boily of 
trustees for the purpexes itese-rilieel in the inclexeil paper. A list of the treistees 
selee'teel is also iuclo.'cd 

It will be a soeirce of much ple-aseire to me if yoei will kindly conse'ut to se'rve. 

Truly yours, A.vdrew ('\r\E(;ie. 

The Secretakv of the Smitu.-oni vx iN.-TiTcrtox. 

The lettei tvas acceempanied by a list eef the trustees and by a state- 
ment of the considerations which led tee the establishment of the foun 
dation. The Se'e*retary read the artie*le's of ine-eerpeinition of the* new 
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institution, and stated that after confercnee with the C'hancellor and 
the chairinan of the ex('eutive eoiiimittee, he had aeeejited the trustee- 
ship in the following- terms, conditionally on the approval of the 
hoanl: 

December 31, 1901. 

Demi Sir, I beg to acknowledge the receipt of your communication of the 27th 
instant, with the accompanying papers outlining the general purpose of an institution 
or establishment which you propose to found in the city of Washington for the 
encouragement of research atid kindred ptirp<ises, and also inclosing a list of proposed 
trustees, in wliieh yoit are gooil enough to name the Secretary of tlie Smithsonian 
Institution as an ex officio memlier. 

It will give me, personally, great pleasure, with the consent of the Regents, to 
accept memhersliip upon tliis board, and I desire to express my sense of warm recog- 
nition of tlie large purposes which have inspired you to make tliis noble benefaction. 
I accept sucli membership in the absence of knowledge as to details, hut in the full 
eontidence of a sympathy witli your general purpose. 

\'ery respectfully, yours, S. P. Laxgeey, 

Hecretdfy. 

Andrew C.kknei.ie, Esq., 

Sn. ■') nv.st Fiftij-fifUi FIrect, Xeir Ywh 

He then stated certain consideration.s with regard to the relationship 
of the Smithsonian Institution to the Carnegie Institution, and asked 
for ill! expre.ssion of the opinions of the Regents for his instruction. 
After discussion, it was announced as the sense of the Board that the 
Secri'tarv should accept the tru.steeship unfettert'd by instructions. 

The Secretary then spoke of the affairs of tlie Bureau of Ethnology, 
and of tlie Astrophysical Observatory, whose first volume of the 
Annals he exhibited. With regard to the Observatory, the Seeretary 
said furtliiT that(\mgress had asked forareportof tlie appropriations 
granted it and of tin' results obtained. Such a report had iiei'ii Mib- 
iiiitted at the begiuiiiiig of the .si'ssioii. and had hei'u orilered jiriiited. 
It included the Annals ahoi e referred to. and he had been eiialiled to 
add a number of eomiiu'udatory letters from eiiiiiient men of seii'iiee, 
such as Sir (ii'orge Stokes. Lord Rayleigh, Lord Ki'lvin, Sir William 
Huggins, Sir Robert Ball, Prof. Simon Neweomh. Prof. E. C. Picker 
iiig, Prof. G. E. Hale, and others. 

OUOAXIZATION OF ISOAIM) OF HF.OF.NTS. 

As organized at the cud of the ti.scal year, the Board of Regents 
consisted of the folkiwing members: 

Till' Hon. M. W. Euller, Ghief dustiee of the I'nited States. Ghan- 
eellor; tin- Hon. W. P. Frye, President pro tempore of the United 
States Si'iiate: Senator S. H. Cullom; Senator O. H. Platt: Senator 
Francis :\I. Cockrell: Repre.scntative R. R. Hitt; Ri'pre.scntative Roh- 
('i-t Adam>, jr.; Repre.scntative Hugh A. DiiiMiiore; Dr. Janies B. 
Angcll; Dr. Andrew D. White; the Hon. J. B. Hi'iider.son: Prof, a' 
Graham Bell; the Hon. Richard Olney. and the Hon. George Gray. 
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ADMIKISTKATIOX. 

The general .supervision of the hu.sines.s of the .several dependencies 
placed bv Conores.s under the direction of the Institution has vear by 
year required the iiuuH'ased personal atbuition of the Secretary, 
although as far as seems pnicticabh' the carrying out of details has 
been left to those in immediate charge of the work of the bureaus. 
The cost of the clerical labor involved in this general supervision by 
the Secretary's office is in part met by allotments from tlu' various 
Government appropriations, although the limited iiu’ome of tin' Insti- 
tution is still drawn upon for many matters which should properlv be 
providt‘d for ])y Congress. 

The, Board has authorizf'd the Secretary to lav these matters before 
Congress, but the needs of other parts of the Institution’s service 
have seemed so pressing that he has as yet deferred doing so in favor 
of such other demands. 

nUILDlNOS. 

Some much-needed repairs to the main roof of the Smith.sonian 
building were in progress at the clo,s(> of the tiscal year. In this 
connection it seems imi)ortant to call attention to tlu‘ necessity of 
a recoirstruction of the ceiling and other renovations of the large 
Anthropological Hall, whose noble dimensions di'serve a worthier 
treatment, and of improving the acca'ss to it. 

Impj'ovements were made in th(> Smithsonian basement in the 
quarters occupied by the Exchange Office and a hydraulic elevator 
was constructed for the handling of heavy packages. 

In the paragraphs devoted to the iMusmim and to tlu' Zoological 
Park mention is made of building improvements during the yi'ar. 

FIXANCE.s. 

At the beginning of the tiscal year. July 1, IbUl. the unexpended 
balance, as stated in my last report, was SSo.Dtio.it;. During the 
3 "ear the total receipts Iw the Institution were S'lb.Sll. ()',*. Of this 
sum !?5t;.T0() was derived from interest, while the remaining SKbTll.OP 
was received from miscellam'ous .sources. 

The disbursements during the \ear amounted to §db,boo.-J-i. the 
details of A\hich are given in the report of the executive committee. 
The balanci' remaining to the credit of the Secretarv on June 30, 
for the expenses of the Institution was ^Sl.lriO.'Jl. A considerable 
part of this balance is held against the accumulated interest on the 
Hodgkins and other funds and against certain contingent obligations 
which mav be exjiected to mature as a result of various .scieutitic inves- 
tigations and publications in jirogress. 
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'PiK* ))(‘riiianont fuiuls of tin* Institution aro as follows: 


Bequest of .Siuith'im, ls46 8515,1(59.00 

Residuary legacy of Smithson, 18(57 :1(5, 210. (53 

Deposits ironi savings of income, 18(57 108. 620. 37 

Bequest of .Tames Hamilton, 187-7 81 , Oou. oo 

Accumulated intere.^t on Ilaniilton fund, l,s!)5 1.000. 00 

2, 000. 00 

Bequest of Simeon Ilabel, 1880 500. 00 

Depi 'sits from pn iceeds ( if sale of liond.s. l,s,sl 51, ,500. 00 

( lift of Thomas ( ;. Hodgkin^, 1S91 200,000.00 

Portion of residuary legacy of Thomas ( ;. Hodgkins, Isol. S, OOO. 00 

Total iieriiuuieiit fund 012, 000. 00 


The altove fuiul is <le\)osite(l in the 'rmisury of the LTiited States, 
utider the piovisioiis of tin' :iet oroaidzine- tlie Institution and the 
act of Conore.^s approved March 12. l-SOT. and hears intore.st at (5 per 
cent t)cr anmini. 'Fhc interest idone is ('inployed in carryino- out the 
aims of the Institution. 'I'hc Rt'oents hold c(‘rtain approvc'd railroad 
bonds, in addition to the permanent fund, which form part of the fund 
estahli.shed })y Mr. Hodo'kins foi' investioation.s into the properties of 
atmospln^rie air. 

T'hi' In.stitution was eharo-ed hy t'ono-re.s.s, during the tiseal yi'ar of 
11102. with the disbursement of the following appropriations; 


Internatirinal Ilxclianges, Smithsonian Institution . . • 824,0(10 

American Ktlniologv, Smith-onian In.-titntion .50,000 

Astrophy<ii al Oliservatory, Smithsonian Institution 12,000 

Vuited State.s Xatioiial Museum ; 

Furniture and fixtures 820,000 

Heating and ligliting 2:5. 000 

Preservation of ci illi-ctions 180. (100 

Purchase I if specimens Ip, poO 

I’ostagc 500 

Bonks.. eqiOO 

Rent Ilf Workshops 4 qpn 

Rcqiairs ti I liuildiugs g- ^pn 

(lallcrics ,5, ppp 

I’BnBnF - 17,000 

28!(, 400 

National Zi 11 ih igical Park ^0 


Estimates weiv forwarch'd as iistial to the S'cretart of the Treas- 
ury for earr\ino- on the (Jovernment's interests uinh'r eliaro'e of 
the Smithsonian Institution for tin' tiseal year ('iidino- .lime do, '^11)03. 
'I'he followino- table shows the estimates and the sums res]x'etivelj 
appropriated: 
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n^sot inelndiiig sU{>p\enieUt,u s » sxuuate ot 5 •son submin^.d Kcbrunrs IJ. PJn. 


JlKSKAIUn. 

It Ava." a part nf the original plan of tlio Institution that it' Socrctary 
'hould not g’ix'e hi.s tiuio wliolly to adininistratii i' dutio'. Imt should, 
as a sttidi'iit of nature, directly aid in its seientilie iin'i'stigatioiis,'’ 

Kc’si'areh work in various tields of seiene,* has heiai continued Ivy 
the Institution and its depcndeneios. The Secretary has made some 
ivrogress toward the solution of the jvrohlem of nveehanical flight, and 
has heen carrying on. with the consent of the Kegent'. sonic experi- 
ments for the War Department, at its expense, and i' adding otlnu' 
experiments, partly at the ex\)eiise of the Institution. In the Astro- 
physical Observatory he lias continued work helieved to he inqvortant. 
and inaugurated some experiments of nov«‘l inten'st. wliieli are referred 
to later. 

Through the ^lusiuini and the llnrean of Aiiieriean Dtimoiogy the 
Institution iuis Iveeii enabled to carry on various biological and ethno- 
logical researches, wlileli will he found fully 'leserihed elsewhere in 
this report and need not ive repeated here. 

IlillX.KINs FCM). 

In cauiection w ith the administration of the Hodgkins fund, papers 
recording tin' advance of specialists along various inti'resting lines of 
investigation have Ix'cii submitted, some of which arv' now in course 
of puhlication. 

Tliut till' Seri'etarv icmtiiuie ins icM-an'lies m plivsieal seienee, and pre- 
sent such I'aets and principle' as may lie develnpc'l ie'' pai'liv'ati'iii in the Suvithsnniau 
l•()ntrillutiens. ( \dnpti d at nieet\iv.r ei the linard of Ue;j:ents .Taniiary 2ii, ISdT. J 
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The report of the research on the spectrum conducted t)y Dr. Victor 
Schumann, of Leipzig', has received extensive additions during the year, 
notably through a detailed description of the ingenious apparatus used 
in his work. This supplement is accompanied by illustrations which 
appear now for the first time, although Dr. Schumann has been author- 
ized to announce in the scientific journals of his own country the dis- 
coveries made in the course of his experiments, at the same time 
notifying the Institution of his jn'ogre.ss. 

A second grant on behalf of Dr. Schumann has been approved dur 
ing the year, and it is interesting to know that Harvard Lnivc'rsitv. 
recognizing tin; value of his work, lias also awarded him a grant. The 
new Physical Instituti' of the Itoyal Academy of Sciences in Leipzig 
has likewise aided this research by placing laboratory room at the dis- 
posal of Dr. Schumann, who, it is hoped, will lie able in the near 
future to secure still more complete results from his painstaking 
experiments in vacuum spectroscopy. 

The memoir by Dr. Carl Bams, mentioned in my last report as in 
course of publication, has been issued during the year as part of Vol- 
ume XXIX. Smithsonian Contributions to Knowledge. It describes 
experiments with ionized air begun by Dr. Barns some years since 
and recently prosecuted under a Hodgkins grant from the Institution. 
The research was tributary to an investigation of the colors of cloudy 
condensation. Lord Eayleigh's famous theory, if applied, would stop 
at the deep reds of the first order, terminating in opaque, whereas in 
the laboratory experiments exceptionally brilliant colors, extending 
almost into tlu> third order of Xewton's series, may lie produced. It 
was thus essc'utial as a preliminary step to investigati' appropriate 
means for the production of nuclei, to determine their number per 
cubic centimeter, their velocity, their association with ionization, the 
effect of the pressure of an electric field, etc. This was the general 
trend of the experiments by Dr. Barus. The endeai'or was made with 
the aid of the condensation tube to show that the nucleus has a specific 
velocity of its own, and that this is retained even in the absence of an 
electric field. The application of this principle to plate, to tubular, 
and to spherical condensers leads, in every case and in spite of the 
variation of method, to an order of values as to the numlau' of parti- 
cles in action, agri'cing with the data obtained b\' other iin'i'stigators 
from different ('xjierinieuts and theoreticalli different jioints of vimv. 

A second grant has been approved on behalf of Dr. Barus. and a 
new memoir on the structure of the nucleus, detailing' exiierinients 
.subsequent to tho.se di'.scribed in the volume just published is .soon to 
be submitted by him. 

The experiments in air resistance by Mr. C. Canovetti. referred to 
in the Secretary's last report, which were begun at Brescia, Italy, of 
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which citj' he was at that time engineer in chief, have been continued 
ill Italy, where by means of an ingenious appai'atus he has prosecuted 
a research which has been reported upon in detail, with illustrations 
accompanied liy tables giving the numerical results attained. After 
compliance with the request of the Institution in regard to submitting 
his report, a second moderate grant was approvi'd on behalf of Mr. 
Canovetti in IMarch of this year. A report of the n'sults of the 
experiments under this second grant is now awaited. 

Dr. von Leiulenfeld, of the University of Prague, who has been 
aided by a grant from the Hodgkins fund, reports that his studies are 
now sufficiently advanct'd to enable him to begin the prejiaration of 
his manuscript for piddication. Telephotograjiliy has been extensively 
and successfully used in this re.search, and tlu' summary of work 
already submitted is accompanied by interesting illustrations. 

A monograph embodi’ing the results of the completed research, 
which will be published later, will present an anatomicail and physio- 
logical study of insects, the lower vertebrates (Exoc(etus. Draco, 
etc.), birds, mammals (Petaurus, Geleopithecus, etc.), and will treat 
of the poly genetic development of the organs of flight in animals. 
The physical proi)erties of the air, wind velocities, resi.stance. etc., 
will be considered, and it is hoped that the publication will not only 
prove of general interest but will become a \ aluable work of lad'erence 
for students. 

Dr. Marey, of the French Institute, mentioned in my last report as 
having been awarded a grant from the Hodgkins fund, is still contin- 
uing his most interesting experiments. The application of metro- 
photography and chronophotograpln' to this investigation has been 
described Ijy Dr. Marey in a paper of such general value that it was 
published in the appendix to the report of the Secretary for IHOl. In 
this edition of the paper are included copies of special and interesting 
photographs which have been forwarded to the Institution by Dr. 
Marey. 

The research into the nature of vowels by Prof. Louis Bevier, of 
Rutgers College, has been reported on through a series of published 
articles, transmitted by the author to 'the Institution, which record 
in detail the results thus far obtained. The investigation is still in 
progress, the vowel series from a to u being now under analysis and 
discussion. 

During this year a grant has been approved on behalf of Mr. E. C. 
Hufl'aker for the construction and practical application of a device 
intended to produce' a uidform and measured flow of air through a 
tube of any desired diameter. 

This apparatus is primarily designed for use iu connection with 
investigations iu the line of biology, and it has already been applied 
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to exiU't (■xpc'i-inu'nts in tho developnipiit of the einitrvo in the egg. 
It is lioped that by means of this invention faets may t)e estal)lished 
which will prove of practical value. 

The 7neteorological investigation in connection with air currents at 
varying altitmh's, heretofore reported on as conducted by Mr. A. L. 
Kotch at Blue Hill ^Meteorological Ob.servatory. have been supple- 
mented this year by a series of experiments on the lift and drift of 
the wind on ])lane and curved surfaces. Mr. A. A. Merrill, who was 
r(‘conimend(‘d by Mr. liotch for this work, received a grant from the 
Hodgkins fund and has from time to time reported the result of his 
experiments. 

The grant to the Journal of 'Perrestrial Magnetism and Atmospheric 
Klectricity has been eontimu'd during the past year, a specified 
number of copies of the Journal being sent out, as directed by the 
Institution, to specialists and to educational establishments. 

In May, I'.Miii. an api)lieation for a grant from the Hodgkins fund 
was made by Prof. Monas \\’. Travers, of Hniversity College, London, 
which, after the customary reference, examination, and discussion, 
was approved in .lune of this year. Professor Travers has been the 
colleague of Prof. M'illiam Hamsey in his later rt'searchcs upon the 
rari' gases of the atnK)s[)hei’e, and is now engaged in an investigation 
which will dtad largely with the liquid properties of hydrogen. 

A summary of tho progrtcssof this investigation, on behalf of which 
the final grant of this year is apiu-oved. will find place in the next 
report. 

The difficulties in the M ay of submitting, during the progress of a 
research, a report M'hich is even measurably satisfaetorv to an inves- 
tigator. ar(> appreciat(‘d by tin' Secrebiry, whose dutv it becomes, vear 
l)y year, to record so far as possible the advance of the investigations 
which the terms of the bequest allow him to aid by o-rants from the 
Hodgkins fund. 

In November. Lhol. a special committee, tln' members of which 
rei)resented the departments of biology, physics, chemistry, geoloo-v, 
meteorology, astronomy, electricity, and anthropologv. was appointed 
to consider the award of the Hodgkins special medal, which, as stated 
in tin' report for iSDlt. is bestowc'd oidy for important contributions 
to the knowledge of the nature and properties of atmospheric air. or 
for original and practical applications of present knowledge to the 
wi'lfare of mankind, thus complying not oidy with tin' terms of the 
Hodgkins Fund, but also furthering the expressed aim of tin- founder 
7)f the Institution. 


As will l)e i-emembered. the first special Hodekins m.'dal was awarded 
in isini to Prof. James Dewar, of the Royal institution of (treat Britain. 
In accordance with the recommendation of the committee, the 
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present award is made to Prof. ,1. Thomson, of Trinity College, 
Cambridge, England, and i.s, broadly stated, for his investigations 
on the conductivity of gases, e.specially on the gas('s that compose 
atmospheric air. 

XAIT.KS TAKI.E. 

The lease by the Institution, for a third term of three yeai's. of a 
table in the Naples Zoological Station, which expired on the doth of 
June. 1902. has been extended until tin' olst of Decembi'r of the sanu' 
year. Following this action, numerous ai)plications for the Smith- 
sonian seat, which had necessarily been held pending, were taken up 
for consideration. The question as to tlu' renewal of the lease' for 
another term of yc'ars is now receiving careful consiilcration. and will 
be decided before th(' expiration of tin' present contract. 

The Secretary visited the Naples Station during the suumn'r and 
was pleased with the investigations carried on tlierc. The Smith- 
sonian Institution, through its cooperation in tliis work, has l)e('n 
brought in touch with many institutions of learning in tin' I'nitt'd 
States, but it is to be hoped that it may receive fnnn some' extraneous 
source the means of continuing this least* for tin' benefit of all Ameri- 
can biologists, which if renewed must divert to this useful but extrane- 
ous purpose funds needed for others. 

In November, 19<.)1. Dr. C. 11’. Prentis.s, to whom a traveling Parker 
Fellowship had bet'ii awarded by Harvai'd Eniversity. applii'd for and 
received the appointment to the Smithsonian seat in tla* Naph's Station 
for NIarch. April, and May, 1902. Being reajrpointed Parker Fellow 
while in residence at Naples. Dr. Prentiss asked for a prolongation of 
his term through the months of June and July. Idn' unavoidable 
delay in replying to this reqiu'st, causc'd by the imci'rtainty as to the 
extension of the lease, was not allowed to work to the disadvantage of 
the applicant by Dr. Dohrn, who kindly invited him to continue his 
occupanc}' until a decision was reached by the Institution. 

Numerous other applicants were also, to my regret, ki'pt in uncer- 
tainty in regard to their ajrpointments. but although this fact tinalh’ 
brought three and even four Smithsonian appointees to Naph's at the 
same time, and for an extended period, tlu'v were all courteouslv 
arranged for by the obliging director of the station. ’I'lie d('tails of 
these a))pointnients will receive mention in the report for tin* coming 
year, to which tlu'y belong and are accredited. It may be added that 
numerous applications, for pi'riods l>eyond the i)resent ext('nsion of 
the lease, are now ht'ld for action, awaiting a di'cision as to its renewal. 

The Secretary desires to express again his appreciation of the readv 
and ('hicient aid ri'iidt'red him year after year by tin* ads isory com- 
initti'e in tlu* ('xamination of credentials and in recomuu'iKhitions as to 
appointments. 
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EXPLORATIONS. 

The Institution hns continued to curry on various liiological and 
ethnological exploitations through the inediuni of the National Museum 
and the Bureau of .Vmerican Ethnology, and has also cooperated with 
the Executive l)(‘partments in these directions. The d(‘tails of most 
of these (‘xplorations are given in the paragraphs devoted to the sev- 
eral huieaus. 

PITBLICATIOX'S. 

In the puldications of tin* Institution the doulde aim of its founder 
is repi'est‘ntc<l that it should (‘xist for (1) the incr('ase " and (2) the 
“ditl'usion" of knowledge. 

'I'he recording of results of original researches, the iHcrtUKf of 
knowledge, is chiefly through the series of Contributions to Knowl- 
edge'. a (juarto work begun in IMS, and in which more than lib valu- 
able memoirs, colh-ctt'd in 32 volumes, have so far been published. 
To this series has been added during the year a memoir by Dr. Carl 
Barus giving the results of his experiments in ionized air, the investi- 
gation having been aided by a grant from the Hodgkins fund, as 
mentioned abo\ e. 

The first edition of ont^ of the memoirs of Contributions, published 
in isbl, showing the results of the Secretary’s experiments in aero- 
dynamics. having become exhausted, a second edition has been printed 
from the stereotype plates, with a few additional observations. 

'I'o the series of iliscelhmeous Collections, in octavo form, have 
been added a List of ()bs(>rvatorios, a work on the Literatun' of 
Maiiganesi', and an liah'X to the Literature of the Specti'oscopt'. 

I'he Contributions and Miscellaneous Collections, being printed at 
the expense of the Smithsonian income, are necessarily published in 
limited I'ditions of l.-lbO copies, which are distributed aswidelvas pos- 
sibli' to the larger libraries and institutions of the world. The total 
distribution of these during the year was 11,615 volumes and memoirs. 

The Smithsonian Report is the only publication issued in large num- 
bers. the edi ion being at present about 12,0bU copies, 7,000 of which 
are placed at the dispo.sal of the In.stitution, the remaining 5. 00b ))eino- 
distributed by Congress or to depositories designat(‘d bv law. This 
work is published at the (expense of th»' Government and has conn' to 
be in such great popular demand that the entire edition of the 19bb 
report, of which the general distribution was made in October, litbl 
was exhausted in a few months, even before the I'.'bl report could 
be made ready for the printer. 

The volume is primarily a Report of the Board of Regents to Con- 
gress concerning the opeiations and <>xpenditures duringlhe year, and 
includes the Proceedings of the Regents’ nu'eting in .January of each 
year, the tinancial report of the executive committei'. the report of 
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the Secretary, giving' an account of the year'.s work, and a general 
appendix. Its appendix, however, forms a distinct and popular part 
of the work and is one of the principal methods employed hy the 
Institution in the diffuxion. of knowledge. In the appendix are pub- 
lished a large number — sometimes as many as aO — papers of public 
interest. 

The Secretai'}’ has said elsewhere: ••Thc.se })apers have a i)urpose 
distinct from any others publi.shed by the Institution. They ai-e only 
occasionally original contributions to science. They are not for the 
professional reader only, or even chieflj', but they are addressed to that 
large body of the public which has a general interest in scientific mat 
fers without special knowledge. While it is always a reconunt'ndation 
that they should have been written by recognized authorities, vet this is 
of minor importance if the articles are sound expositions of the sub- 
ject. The - essential thing is that they should be not only sound and 
instructive, but timelv and interesting to the nonprofessional reader, 
and in that good sense populai". If they are accompanied by illustra- 
tions. all the better. As they are intended to serve as a kind of 
popular survey of the whole held of the .sciences, both physical and 
biological, for the current year, it is. as a rule, impracticable to print 
more than one paper on any particular subject.” 

A portion of the edition of the I’eport is distributed iii the form of 
pamphlets of individual papers, and where any of these are of 
particular intere.st additional copies are printed at the expense of the 
Institution. Of the 1901 rei)ort 23,T5(» copies of separatt' papers have 
thus been ordered for special distribution. 

It is impossible to meet the great demand from individuals for the 
reports, more than 5.000 copies being required to supply a selected list 
of libraries and institutions of learning, to which the work has been 
regularly sent f(U’ many years. The total distributioti of volumes or 
separate parts of reports during the past Hscal year aggrt'gated 
40.998." 

This publication, then, is distributed not only to a largi' number of 
libraries throughout the world, tad it is also addressed to as many as 
pos.siblc of the hundreds of individual applicants of all classes who 
seem eagt'r to learn of the world’s advance in the sevi'ral l)ranches of 


'•Sent t«' — Volumes 

, papers. 
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knowledoe. It is hy tht'si' j-cports, which iire in u good sense popular, 
as well as by its origiiial scientific works, that the Institution grows 
each year better known a.s one of those whose influence for good is 
limited by no boundary, hut, as its motto declares, goes '’throughout 
the world." In this the Secretary has for .some 3 'ears past imitated 
the action of his honorc'd prcdcces.sor, Henry, in giving a great deal 
of his personal attention to its editorship, with a view to making it of 
more popular interest, and he has been gratified at the large demand 
just referred to. with which the result of his labors has been met. 

In addition to the j)receding })ublications by the Institution proper, 
a considc'rable numlau' of works. chi(‘fly on biological topics, have 
been added to the Museum .series. 

Of the publications of the Bureau of American Ethnology, the 
second part of the Eighteenth Report for the fiscal year 1896-97 
was disti-ibuted, also the .separate paper.s of tlu' Nineteenth Report 
for LS97-98. lAe manuscripts of the 'rwentieth. Twenty-first, and 
Twenty-second Reports for th(“ years lsit9 to 1991 were transmitted 
to the printer during the last half of the fiscal year. 

Mention may also be made of a .special edition of Volume T of the 
Annals of the Astro{)hy.sical Observatory, reprinted from a Senate 
docuiiK'iit of which it formed a part. This docunn'iit" consisted of a 
voluiiK' of fl.‘19 pagt's and 44 plates, submitted to Congress in response 
to the following item in the sundry civil act of March fl, 1901: "That 
the Secretary of the Smith.sonian Institution is directed to report to 
Congres> on the first day of the next regular session an entire 
account of all api)ropriation.s heretofore' I'xjeended by the Astro- 
j)hysical Obsei'vatorv. what results have been ri'ache'd. and what is 
the present condition of the work of said Ob.servatory." 

The Seci’etarv during the yeai' transmitted to Congress thi' Annual 
Report of the .Vmerican Historical As.sociation foi- the year 1901. and 
also the Fourth Repcert of tin' National Socii'tv of tin' Daughters of 
the .Vmerican Re'volution. IIu' Institution has no shai'e in tin' dis- 
tribution of the latter report, only the "usual" document number 
(l.b.sg) being printed. Of the Historical Reports a limited number, 
begimung with the 1894 report, have been at the disposal of the Insti- 
tution for distribution to the larger historical .socii'th's of the world 
in ('.xchange for their publications. 


I.IBK.XKY. 


The accessions to the .Smith.sonian deposit in the Library of Congre.ss 
during the year were 1 .67s volumes. 0 ().,s;H piuts of vohmn's, 9,7:12 
pamphh'ts. and 414 charts, a total of 26.r,.y'^. extendino- the accession 
i^ubm^s to 44.1.529. The libraries of the Secivtary's offi,,.. and of 

" S,.natc I)o,-„raent No. 20. Kifty-sovonth Conjiress, first sessi^m. 
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the A8tr(>phy^ic!ll Dbservutoi'v were also increased by 4!H> volumes 
and d,587 parts of volumes. 

A very complete and valuable collection of books and pamphlets 
relating to Aapoleon llonaparte has been presented to the Institution 
by Gen. John Watts de Pe^vster. and will be known as the "Watts de 
Pej’ster Collection. Xapoh'on Bonaparte." The :^.000 volumes in this 
series are from many countries and in many languatres. 

The vSmithsonian Art Room, placed in general charge of the librarian, 
has been made attractive by a rearrangement of the cases containing 
the valuable engravings and books on art ladonging to the Institution, 
and steps have l)een taken for exhibiting a iH'production of the Parthe- 
non frieze around the entire room. 

Several years ago the Secretary organized an employees' library, 
which has proved to be very popular, and a branch has been established 
in the Xational Zoological Park. 

The accessions to the National Mustmni Library were Id. 553 l)ooks, 
pamjdilets, and periodicals. Its crowded condition has been I'elieved 
by the addition of galleries, making a total floor space of 2.5d2 sipiare 
feet. Thirty sectional libraries are established in the departments of 
the Museum, thus making readily accessible to those in charge of tin* 
several branches of scientilic resi'arch the books directly })ertaining 
to their work, while the administration of these sectional libraries is 
under the control of the Museum librarian. 

Since the Secretary's last report, considerable wtuk has been done 
in the maintenance of the International Catalogin' of Scientific Liter- 
ature. an allotment from the Institution's fund permitting the I'stab- 
lishment of a regional bureau. .Vn annual appropriation of about 
SfO.ooo is needed for the Cnited States Regional Bureau, and it is 
hoped that Congress may provide such an amount for the accomplish- 
ment of this undertaking, so imjiortant to every branch of scientific 
learning, a work that no single institution could be expected to carry 
forward. The importance of the catalogue and the methods of its 
preparation have been fully explained in previous reports. 

< OKRE.SPI )M)EX-CE. 

Though the correspondence of the Institution has increased during 
the Year, it has been promptly dispatched and the routine is not in 
arrears. This correspondence embraces not only communications 
referring to the work of the Institution proper, but also to the National 
Nluseum, the International Exchanges, the Bureau of American Ethnol- 
ogy. the National Zoological Park, and the. Astrophysical Gbsei'vatory. 
Such matters as require the personal attention of the Secretary, or 
relate to the business of the parent Institution are retained in the 
Institution, while communications relating to the work of the bureaus 
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are referred to the proper officials for recommendations to the Secre- 
tary or for direct reijly. 

The s\’,stem of recording and distributing letters has been unchanged 
since ISHU, except in a few unimportant particulars. Every letter 
receives a reply, which is .sent as promptly -as the circumstances may 
allow. ITu' matters of inquiry are perhaps more xaried and embrace 
a wider range of topics than obtains in other departments of the Gov- 
ernment. A register is kept of such letters as are of importance, in 
which is noted in each instance the date of the letter, its subject, the 
official to whom referred for attention, the date of rephy and the jrlace 
of tiling. The letters are filed alphabetically, with a notation of each 
on a card catalogue, giving a brief synopsi.s of its contents. The 
papers relating to certain .special matters are kept separately in a 
series of smaller tile boxes. 

In preparing the correspondence involved in the distribution of pub- 
lications much labor is .saved by the use of printed mailing cards, often 
requiring only the insertion of the name and address of the person for 
whom intended. 

The correspondence relating to civil-.service matters has grown 
steadily since the bureaus of the Institution were placed under the 
oi)eration of the civil-service law in 1896, and a separate series of 
press-copy books and a separate file of letters relating to such matters 
are kept, as well as a special file for the reception of papers not relating 
dii'ectly to the personnel of the .several bureaus. 

EXPOSITIONS. 

Jiiitfiilii and ( 'hd rh xt(ni , imis . — The Institution and its bureaus 

particii)ated in the ran-.VuK'rican Exposition held at Ihitfalo from Mav 
1 to Xovember 1. 19U1, and by authority of the President the exhibits 
thci-e displayed were transferred to the South Carolina Interstate and 
West Indian Exposition held at Charleston from December 1. 1901, 
to i\lav 31, 190:1. Dr. I. I\ . True, <jf the National Museum, was 
appointed by the Secretary to represent the Institution on the board 
in charge of the Government exhibits at both the.s(' expositions, and 
his repoi t on the Ihtfi'alo Exposition will be found in the Appc'ndix. 

Linii.siiiiiii Piii‘(Iiii.sr — Congress having made an appro- 

priation for a Government building and exhibit at the exposition to 
1)0 held in St. Louis in 1904, the Secretary has appointed Dr. I'l'm' to 
repri'sent the Institution and its bureaus in the pre})aration and 
installatio!) of the exhibits. 


VII.srEI.EANEC )US. 


^ Baird Several petitions having been presented to the 

Senate at its last se.ssion for the ei-ection of a statue to Prof. Spencer 
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F. Baird, the second Secretary of this Institution, and an eminent 
naturalist, it seems jjroper to recall that a bill was introduced in the 
Senate on December 1:2, 1887, by Senator Morrill appropriating- the 
sum of $15,000 for a statue in bronze of Professor Baird. The bill 
was referred to the Senate Committee on Public Buildings and 
Grounds, from which it was reported on December 21 of the same 
year, and passed b}' the Senate on Febriuiiy 0, 18SS. On February 13 
it was referred to the House Committee on the Library, from which 
it failed of report. 

Senator Morrill afterwards reported for the Committee on Public 
Buildings and Grounds an amendment to the sundry civil bill for 1890, 
appropriating the sum above mentioned for the erection of the statue. 
The amendment was referred to the Senate Appropriations Commit- 
tee, but was not inchuh'd in the bill as reported from the committee. 

The Secretary called attention to the matter in his reimrts for the 
years 1889, 1890, 1891. 18!»2, and 1S91, where the hope was expressed 
that the bill would receive favond)le consideration. 

XntiontiJ ijidlvi'ij iff Ainrfivitii mi . — A bill having been introduced 
in Congress at its last session for the construction of a national gal- 
leiT of art. the attention of Senator Penrose, who presented the bill, 
WTis called to the fact that section 55S(! of the Ibwised Statutes speci- 
ties, among other things, that whenever suitable arrangements can be 
made from time to time for their reception, all objects of art belong- 
ing to the United States shall be delivertHl to such pci-sons as may be 
authorized by the Board of Kegents of the Smithsonian Institution to 
receive them, and so arranged and classitied in the building erected 
for the Institution as best to facilitate their exiinination and stud}’. 
In compliance wdth this prox ision of law the Institution has for many 
years maintained a collection of art objects, to which has bi'en added 
from to time, by gift and purchase, paintings, bronzes, etc., though 
with its limited fund the acquisitions by purchase have not been 
numerous. It was suggested to Senator Penrose that shoidd there be 
any likelihood of the passage of the bill the Smithsonian Institution, 
which has always concerned itself with art. would be tin* natural custo- 
dian of a national gallery. The bill i>, still pending, and will probably 
come up for action during the next session of Congress. 

Inter/Kitlojiiil /jKiliHjiviil CoiKjri sti. — At the Fifth International Zoo- 
logical Congress held in Berlin. Germany, Augu^t 12-lt3, 19(>1. the 
Institution w’as represented by Dr. Leonliard Stejneger, of the National 
Museum, who reports as follows: 

The congress was opened on August 12. and lasted until August 16, 
when the delegates and members adjourned to attend the reception 
given in their honor by tin' High Senate of Hamburg. It was in every 
respect a success. One of the main factors of this success xvas the 
unexampled interest in the congre.'-s displayed by the (iei-man Govern- 
ment. A large sum of money w as j)lacod at the disposition of the com- 
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initto(‘ bv the Government, and the Cxerman Crown Prince, as the high 
protector of the congress, was only prevented from opening the con- 
gress in person l)y the death of his grandmother, the Empress Fried- 
rich, a few days previous. The congre.ss was lavishly entertained by 
the cities of Berlin and Hamburg, as well as by the Zoological Society 
of Berlin. But the most extraordinary proof of the public interest in 
the congress was probal)ly the fact that the entire “ Keichstagsgebaiich'."' 
the magniticent hous(' of tlie German Parliament, was placed at its dis- 
position for its meetings, lectures, etc. Thus all the general sessions 
were held in the great ■’Plenarsitsungssaal" of the Parliament. The 
Emperor himself, though prevented from receiving the members offi- 
ciallv on account of the death of his mother, took occasion to greet 
them informally. 

The more special object of my joining the congress was to take 
part in the deliberations and decisions of the committee on zoological 
nomenclature, of which I had been elected a member at the congress 
in (’ambridge in 180S. The work in this committee on nomenclature 
was, on the whole, eminently .satisfactory from the standpoint of 
Aimu'ican zoologists, though it was found impossil)le to lay a draft for 
a complete code for the congress at its Berlin meeting. It is hoped 
that this will be accomplished at the next congress which is to be held 
in Bern. Switzerland, in lb* *4. 

NATIONAL HlbSEPH. 

ThelMuseum. establislu'd in the fundamental act creating the Smith- 
sonian Institution, grew up largely from its private collections, but it 
is im])ortant to consider that now it has grown into something which 
represents more nearly the large ])urposeof Congress in its foundation 
and that it is biacnuing a '• National" Museum. It diti'ers from most 
other museums in that its primary function was ludd to be not so much 
the entertainment or instruction of the resident population as the 
preservation and arrangement C)f the collections brought together by 
the Government of the United States. The--e collections now out- 
number by some millions of speciimms thos(> which it has been possible 
to phu'c upon exhibition in the pi'i'sent uttei'ly iiuuhniuate (juai’ters. 

I know that the wish of those in immediate charge of the collections 
is that they may contribute, among other important imds. to establish 
not only a real educational museum, but om* which will iiitei'i'st not 
only the inhabitants of M’ashington. but the great niimbei's of Aimu i- 
can citizens annually visiting tlu‘ capital; but this is im[)o-.sil,|(^ under 
the pres(>nt limitations of spact* and imauis. 'riu'sc exhibition featiirt's. 
then, though not the i)rimary purpose of the museum, are for the edu- 
cation and interest of all American citizens, und acccs-ions come in 
they recpiii’e constant change and careful -tiidy to bi ing them to the 
com})rehension of all Americans of nil ages and all grades of education. 

The detlnition of an educational museum made bv the lat(' Dr 
Goode, as --a colh-ction of well-writt<m labels with carefully selected 
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wpecinien.s attached.” brings forward the difficulty of the preparation 
of such a museum, since to comprc.ss into a few .sentences, in simple 
yet accurate language, comprehensive and interesting information 
concerning any specimen presupposes a depth of knowledge and a 
facility in expre.ssion possessed hy hut few. This task of working 
upon and improving the educational features of the museum is never 
ending, and it should be so. for "a perfect museum is a linished 
museum, and a finished museum is a dead museum." 

Collections placed upon exhibition must he constantly renewed, since 
they deteriorate by the verv exposure to the light. The art of taxi- 
dermy. methods of installation, the choice of colors for backgrounds, 
the st^’le and form of labels —all of tlie.se details, unnoticed by the casual 
visitor: matters of con.stant study to the expert — together form the 
whole upon which either the pleasant or unplea.sant impri'ssions car- 
ried away by the visitor depend. )>ut all this is labor lost if they are 
in situations so crowdi'd as to re.semble storage rather than exhibition 
halls. 

Excepting as to impru\ ement in these details, the National Museum, 
so far as its exhibition halls is concerned, has reached its maximum 
development in its jiresent ([uarters. The Secretary has. year after 
year, continued to call attmition to the .serious overcrowding of the 
Museum, and in his report for last year considered the (piestion fully, 
lie is pleased to be able to state that the special appeals made to the 
last se.ssion of Congress by the committee of the Keg’ents resulted in 
the pas.sage of the following item: 

For the preparation, under the direction of the Secretary of the 
Smithsonian Institution, of preliminary plans for an additional tire- 
proof steel-frame brick and terra cotta building, to (a)st not e.xceed- 
ing one million five hundred thousand dollars, for the Cnit(‘d States 
National Museum, to be erected when appropriated for, on the Nlall. 
between Ninth and Twelfth streets west, said ])lans when completed 
to be transmitted by the Secretary of the Smithsonian Institution to 
I’ongre'S. ti\ e thou.sind dollars. 

And it is hoped that the erection of a building' may be authorized by 
the next Congress. This is not the place to di'-cuss the requirements 
of such a building. In the cour>e of the next st's>ion of Congress a 
detaih'd statement will bo laid before that body indicating tlu' needs, 
both for e.xhibition, storag'C, laboratory, and the numerous other 
accessories which go to make up a gnait modern museum, ^'ast as 
have been the improvements in the erection of museums in the past 
twenty years, the ideal standard of building, in which all the re(juisite 
fcaitures are ade<piat(dy ])rovided for. has not yet been i reated in any 
country in the world. It c;in hardly be expected that the sum indi- 
cated in the above ittmi woukl be sulficient to siq^ply perfect interior 
arrangements for exhibition and working purposes, coupled with that 
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di>;'iutv ot' oxti'i'iov which hiis come to l>o iissociiitcd with the l)uilding,s 
erected l)y the (roveriiiiient of the United Stiites. 

The Secretary lia.'. however, frequently adverted to the fact that 
it i.N not bricks and mortar, nor. even, eases and specimens that 
make the museum, but (more important than these) the learning and 
enthusiasm of the men who bring together and classify and describe 
these collecti(jns. Of such men there is an inadequate number, and 
all are inadecjuately paid, AVhih' wages of laborers and mechanics 
and the cost of living to all men have advanced by leaps and bounds, 
the salaries of the scientitic staff of the Government, and more 
esp('cially of the IMusemn. have to a great extent been kept at a 
stationary level. 'FIk' increase, in the number of museums, the increase 
in the number of colleg'es and universities, the increa.se in their endow- 
ments have all put a })remimn. as it were, upon the services of men of 
the first rank, and it is the real devotion of the Museum staff', and not 
the ])ecuniarv reward which they have received, that has preserved 
to the Government the .services of this distinguished, zealous, and 
effective, but wholly underpaid body of men. 

The best of the scientitic staff' of the Museum are retained not 
mer(dy by tin.' unselffshness of their interest in science, but because 
th(>y can remain there without the duties of tuition, which attach to 
higher salaries that tlu'v can receive in colleges. But they can not 
be expected to remain indetinitely when so much better terms are 
being daily held out to them elsewhere. 

The .‘secretary has repeatedly drawn the attention of Congre.ss to 
the Tieed of the Museum for an increa.se in the item under "pre.serva- 
tiou of collections" for the jHirpose of making at least small advances 
in the s-alarics of the staff, and in the estimates submitted this year he 
has detei iniued to sacritice needed improvements in many directions 
with the hope that, on this single itimi. Congress may st'c its way clear 
to approve his I'ecoimnendation. 

To relieve the congestion in .some of the most crowded exhibition 
halls, and to permit the display of a few more of the objects taken 
from storage, ('ongress authorized the construction of galleries which 
have also been found well adapted as temporary laboratories in sev- 
eral departments, and for extension of the Musinmi library. 

Tlu' number of specimens received during the year was about 
d.')(tuou. making the total numberof objects nearly live and a half mil- 
lion. The more important additions and general details concerning 
the several departments are given in an appendix in the report of the 
Assistant Secretary. 


BGREAr OF AMFUIC.VX FTHXOLOGY. 


llesearclu'- among the nativ(‘ American tribes were continued by 
the Bureau of American Ethnology, undn- the supervision of Maj. 
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J. W. Powell, Directoi', l)y means of the usnal CongTossional appro- 
priation, the formal plan of operations having heen approved by the 
Secretary of the Institution. 

The work of the Bureau has related largely to a study of the origin, 
physical and mental charaeteristies, arts and industries, food stippl}’, 
social and political institutions, religion.s, and languages of thest' tribes. 

A considerable share of attention has been given to distinctly prac- 
tical questions — relating to the aborigine.s — to tribal distribution, to 
subsequent movements and locations of the tribes, to the lav s relating 
to their welfare and their relations to th(^ (}overnment. to treaties, to 
cessions and recessions of territory. 

It has seemed desirable for many years that there should be arranged 
and published in some methodical forui an encyclopedia or dictionaiy 
of Indian tribes for which much material has been acciumdated, and 
which it has been intended should ])resent a complete account of them 
as grouped by linguistic stocks. This is expc'cted to prove of great 
service to Congi'ess and to public men g(uierally, as well as to institu- 
tions of learning, but in view of the time which this great work may 
be expected to take, the immediate pn'paration and publication of a 
dictionary of ready reference to all that is most useful in the ])ast 
work of the Bureau has been determined u\)Ou as the most nca-essary 
publication and work of the Bureau in tlu' immediate future. 

Field work was conducted by the regular force of the Bunaiu in 
Alaska, Arizona. California, and in several other , States and Territo- 
' ries, as also in British Columbia. Mexico, (treeidand. and in Porto 
Rico, while useful information and material was obtained from corre- 
spondents and special collaborators. Special attenti(m was diwotial to 
a .study of those aboriginal industries which appeanul to bear practical 
relations to modern life, partit-ularly to aboriginal methods of house 
building and irrigation, and to food source'- in tho'-e tropical and arid 
regions that formerly sustained a pt>pidation five to ten times larger 
i than at the present day. A noteworthy investigation of aboriginal 
indu.stries was conducted in Porto Kico, and a special rej)()rt of the 
'i native resources of that island is in preparation. 

if A special study was made of a ceremony among the Pawnee Indians 

I embracing songs of inten'st in tin* development of music and ])nctry, 

• and to earlv phases of the drama, tin' memoir being accompanied bv 

f the primitive music recordi'd. by the aid of the gruphophone. and with 
I i)hotographs of movements and obj<'cts introduced in tlu' cenunony. 

I A notatde collection of chipped imphunent--, teeth and bones of an 

j ('xtinct elephant, togadher with a reinarkabh' smaesof teidli and bout's 

I of the mastodon, besides remains of buffalo, dt'er. burst', anti ttther 

; animals of the historic period, was obtained from a spring in tlu' north- 

I eastern Indian Territory. The as.sociation of fossil ri'inains with human 

; implements was ])uzzllng until a critic.d examination bv IMr. W. II. 

'I Holmes, verified through the memory of an aged Indian chief, indicated 
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that the sprinu- wa> a shrine at which ai)original liunters acciuiiulated 
votivt' offerings. 

Other researches were carried on and several publications were 
prepared, as mentioned in detail in the Appendix. 

INTPIKNATIOXAL PiXCHAXOES. 

The objects and methods of the International Exchange Service 
wore so fully explained in the Secretary's report for last year that it 
seems unnect'ssary to again refer to them further than to say that the 
sein’ice is the medium of exchange of the official publications of the 
P'^nited States Government with the governments of the larger foreign 
powers of tile world, and also the medium of exchange between the 
principal scientific institutions and librarie.s of the world. 

The maintenance of the American branch of the service is now met 
in the main by Government appropriations, though the Smithsonian 
Institution continues to Ix'ar a considerable share of the expmises. 

During the last fiscal year there was handled an aggregate of 
125. Thd packages, weighing Sffff.TlS pounds, the packages sent abroad 
niunberiug sT.lP.i and those received from foreign countries 38.647. 
Till' l arious classes of exchanges and other details of the service are 
explained in detail in the report of the Acting Curator in the.Vppendix. 

It has long seemed desirable to establish more adecjuate exchange 
relations with Japan and China, hut efforts in that direction have so 
far been without success. In Great Britain. Germany, and Austria- 
Ilungary it is still necessary to emplo}' salaried agents to carry on the 
work, the Governments of those countries for various reasons not yet 
having organized international exchange l.mreaus. 

Congress having made a slight increase in the annual appropriation, 
it has lieen possible to considi'rably improve the service hv sending 
packag'es hy fast c*xpi'(‘ss steamers rather than b\' the slow lines, an 
advantage iTTlich appreciated hy ail concerned, for in these' davs of 
ra-pid transit on sea and laud the litei-arv. scientitic, and political world, 
as well as the business world, is cagt'r to participate in all the' advan- 
tages of (juick transportation. 

Five' yt'ars ago. in ISUT. tin', total numbi'r of corri'spondt'iits or par- 
ticipants in the exc-laiiige service- was 2S,ei()S, wliih' the' aggre-gatc has 
neew re'ae-hed MS. 200 aeldre'sse's eef librarie's and iudiviehrals in 15-t e-oun- 
trie's se-atte'i'e'd all eeve-r the e-ivilize'd world, e'veii in senue eef the 
re'inote'st e eenu'rs eet India, Asia, Austnili'.i, aiiel PejU iu'sia. 

The' ge'iie'nil he-netit e>f the- se-rvie-e tee the' se-ie'iititie weerlel can hardlv 
be measnre'd. Largely as a result of these iiitornational exchamms 
the-re has accuninlate'd in the Library of Congre'ss a mass eef scientific 
and ( iovernme-nt pnblicatiems that is preelealely not sin-passe'el anywhe're, 
and which ceeulel scarcely have be-en see-nre'd in anv other weiy. 
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NATIONAL ZOOLOOIOAL PARK. 

The iinportaiiee and intei-est of the National Zooloo-ical Park, under 
the care of the Regents, is constantly increasing, the total )uimber of 
visitors for the past year being estimated at nearly a million, the num- 
ber on single days having several tinn'.s passed 

The Secretary has in previous vear.s called the attention of the 
Regents to the want of a Congressional appropriation for collecting 
and preserving sonu' of tlu‘ great land and marine specinunis of our 
Western territory now rapidly approaching extinction, and he ;igain 
urges the immediate need of doing something, even on the smallest 
scale, before it is entirely too late. He hopes that Cougn-ss may bo 
asked to provide the means to meet these' wants by the establishment 
of at least two small stations or randies in Alaska, one in the interior, 
where may be secured specimens of the great moose, the great bear, 
and other disajipearing animals of the land fauna: tin- otln'r •’ranch" 
to be on the coast for the collection of the walrus, the sea otti'r, the 
great sea lion of Steller, and other important vanishing marine species. 

The animals in the National Zoological Park at the close of the fiscal 
year included aor> mammals. 'iTi birds, and 14.') ri'ptiles. The acces- 
sions of the year numbered tflf. More than half of these accessions 
were gifts to the (foveniment. several of the most interesting animals 
having been secured tlirough the cooperation of rnited States consuls 
and other othcials. A tine spi'ciinen of grizzly hear, also some ante- 
lope. (h'er, elk. and cinnamon hears wi'i't' r«‘ceived from the Yellowstone 
National Park. 

The native' game. I'vervwlu're ph'iity when the needs of the park 
were tirst submittt'd to Congress, has grown so nearly inaccessible 
that only afte-r years of ettort have thereat lust been ])roeurod a single 
voung male specimen of the great Kodiak bt'ar and two big horn or 
Rocky iMountain sheep. 

'I'lie principal improveiiu'iits totin' park, nn'iitioin'd in di'tail in the 
report of the superinteiulent on a sultsetpient page, indnde the com- 
pletion of the large dying cage, an addition to the temporary bird 
hous('. and an extension or completion of sonu' of the roadways. 
Work was begun on a new elephant house for which Congress at its 
last session made an appropriation of Sto.tHiu. 

Among tin' present needs of the park, after that for securing native 
game, are adenuate provision for housing ti’opical mamnials, an atpia- 
l imn, a ri'iitile house, an aviary for small terrestrial birds, mid. for the 
wolves and foxes, which arc now in temporary quarters, permanent 
pens from which they may be unable to escape. 

There is no department of the park in which the public takes more 
interest than in the aiiuariuni. for. notwithstanding the inqierfect char- 
acter of the installation, the tanks being set up in a mere temjiorary 
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shed, it is always frequented l)y visitors. It would uiidoubtedh’ be 
desirable to greatly extend and perfect this collection, so that the pub- 
lic might more completely realize the multifarious living forms that 
are found in the waters about our coasts, as well as in our rivers and 
lakes. In order to do this properly a suitable building should be 
provided and fitted with permanent tanks, heating and refrigerating 
apparatus, and open pools. 

The educational value of an exhibit of this character would unques- 
tionably be very great. Land animals are more commonly seen, and 
therefore do not excite the wonder that do those creatures that live in 
an element Ijy which they are most wholly screened from vi('W. The 
life of the waters is therefore always extremely interesting and sur- 
prising. 

A zoological collection, viewed in its widest extent, can not be said 
to be complete while failing to exhibit so large and important a portion 
of the zoological domain. The biological sciences are becoming more 
and more studied in our schools, and it is well known that the simpler 
forms of invertebrates are extremely important as an introduction to 
the knowledge of higher forms. Classes from the schools of this city 
and elsewhere often visit the park and find great profit in the aiiuarium 
exhibit, even in its present incoinphde state. It is hoped that Congress 
may grant funds for establishing in the park an aquarium on a proper 
scale. 

The park is f ultilling suce-ssfully the objects for which Congress cre- 
ated it, ‘’The adv ancement of .sciencc'.and the instruction and recreation 
of th(' people." It never has Ixani so successful in tht'so as it is to-dav. 

THE ASTKOrilYSICAL OBSERVATORY. 

In appropriating in the sundry civil act, appioved iSIarch d, IbOl, 
the sum of $lii,00() for the maintenance of th(‘ Astroph vsical Observa- 
tory. under the control of the Smithsonian Institution, during the 
fiscal year ending June 30, Congress added the following words; 

That the Secretary of the Smith.sonian Institution is directed to 
report to Congress on the first day of the next r(>gular session an entire 
account of all appropriations heretofore expended i)v the Asti’ophvs- 
ical Observatory, what results have been I’eached, and vliat is the 
pri'sent coiulition of the work of said Obsi-rvatorv. 

In response to this reciuiriunent the St'cretary submitted a report 
(Unbracing (1) an entire account <.f idl a])propriations In'retofoiv 
(‘xpended by the Astrcqdiysical Observatory, (2) a statement of the 
iTsults which have been reaclu'd. and (:i) the piv.s.>nt condition of the 
work of said Observatory, and including as a part of it the first vol- 
um(> of its Annals. This i-eport was accomjvaided by letters from Sir 
Robert Ball. SiiAVilliam Huggins. Lord Kelvin, Sir Korman Lockyer, 
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Lord Rajdeigh, Sir George Stokes, and other eminent foreign men of 
.science, whose appreciation could not be charged with being influenced 
by national prejudice, as well as by equally disinterested American 
ones, all showing a very gratifying approbation of the work of the 
Observatoiy by those best competent to judge its merits. 

The principal work of the A.strophysical Observatory during the 
past year has continued to be the stud\' of the sun and its radiation. 
While full}’ acknowledging the intere.sting nature of astrophysical 
investigation of the stars and nebuhe. the study of the sun has a far 
superior practical importance, for were the former bodies to be wholly 
blotted out the}’ would be mi.ssed chiefly as objects of scientitic inter- 
est, while with the sun would be abolished life itself. The solar 
researches of the past year have mainly been concerned with deter- 
mining the amount and nature of the absorption of solar radiation in 
the earth's atmosphere and in the .solar envelope. These researches 
are preliminary to and form an essential part of the measurement of 
the total ladiation of the sun. A presumption exists, almost amount- 
ing to certainty, that the total radiation of the sun is variable in some 
relation to the appearance of sun .spots, but nothing is yet known to 
definitely tix the amount of this su[)posed variability or to measure 
its effect upon the earth, though that effect, if .so fixed, can not but be 
of interest to every inhabitant of the earth's surface. 

The in.strumental means, which thus have been the subject of inces- 
sant .study and improvement here during the past ten years, for inve.s- 
tigating such questions, are more efficient than at any previous time. 
It will be seen from the detailed report of the aid acting in charge that 
automatic bolometric cur\ es accurately reprcsentativt' of the amount 
and distribution of the .solar energy at the ob.server's station may now 
be obtained in a few minutes, covering nearly the whole spectral region 
which reaches sea level, and where occurs much of the great and 
varying absorption by water vapor which inflmmces our terrestrial 
temperatures so greatly. 

Some twenty years ago the writer invented a then new instrument 
for measuring minute quantities of heat. for. owing to circumstances 
which this is not the place to detail, an accurate determination of the 
possible variation in tlu' (mormons ([uaiititi('s of lu'at which the sun 
sends the earth d(q)ends (paradoxically) upon the ability to imaisure 
smaller (piantities of heat than the most delicate thermomet(‘r can 
possibly do. The ■‘bolometer." the instrunnmt of the writer's inven- 
tion, which is in ((ucstion, was able to measure the tlien unheard of 
(juantity of soim'what more than one one-hundnHl-thousandth of a 
ch'gree. Since then, during tifteen years of constant advance, latterly 
associated with a great improvement of the adjuncts, particularly of 
the galvonomet(‘r. at the hands of iMr. Abbot, this has been brought 
to measure somewhat less than one onc-hundred-millionth of a degree. 
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and this almost inlinitesimal amount is distinofuished with readiness 
and precision. It is this increa.sed precision which is associated with 
all the improvements in the wmrk of the year here described. 

It is the variability of the absorption of our air which now otl'ers 
the greatest difficulty to the work. The Secretary cherishes the hope 
that a solar observatory will one day be established high in a clear and 
dry air. whose chief aim shall be to solve the rpiestions of the amount 
of radiation of the sun, the changes in this total amount, and the con- 
secpiences of such changes on the earth. 

The interest of this solar study is peculiar among all the subjects of 
astronomical research, for it is not only a scieiititic but a utilitarian 
interest of such high importance that it has among its remrde possibili- 
ties the forecasting of the coming seasons and harvests, and (d' conditions 
immediately practical, from those which affect the price of the laborer's 
dinner up to those which, to use the weighty words of Professor New- 
comb, may bring to light not merely interesting cosmical processes, but 
“cosmical processes prtignant with the destiny of our race." 

In connection with these re.searches it has proved necessaiy to 
obtain a large solar image as free as po.ssible from defects of definition 
and unequal absorption. One of the most formidable of these defects 
is that which astronomers call " boiling." This consists of an apparent 
wavy and rolling motion over the image, and is due to momentary 
differences of density of the air in the path of the beam. It has 
hitherto been sought (with little effect) to control this by keeping the 
air in the tube as still as possible. 

I am much interested in a new plan which I have myself proposed, 
that of thoroughly and incessantly stirring this air column even while 
th(' rays fornung the tele.scopii^ imagt' are passing through it. This 
experiment of stirring the air has been tried during the past few 
months at the Observatory, and has resulted in the disco verv that bv 
vigorously duirning the column of air traversed by the solar beam 
from a point about n't feet above the apparatus to the point when' tht' 
image is formed, the paradoxical result is reached that this imagt? itself 
becomes nearly trainiuil, and that thus the ••boiling" can be nearlv 
all eliminated. It is hopi'd that this very important observation will 
pr()V(! useful to astronomers gt'uerally. 

For details of the work of the Observatory, including nianv inter- 
esting subjects in addition to those I have mentiotu'd. the reader is 
referred to the I'eport of the aid acting in charge, which app('ars in 
the Appenilix. 

NECKOLOOY. 

The Institution has lost by death its presiding officer, ('x officio, 
AVilliam McKinley. President of the Ihiited States. The lib' anil 
work of that honored and eminent man and the tragic circumstances 
of his death are in all minds and they lu'ed not be repi'ated here. 
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An I'iirh" Regent of the Institution, the Hon. ^hitthew (lault Emeiy 
died October 12. 1901. From June. tcSlO. to June. isTl. lie was 
mayor of IT ashiugton and a memlier of the Board of Regents of the 
Smithsonian Institution as then organized. At the time of his death 
he was a prominent citizen, particularly in the tinancial business of 
the capital city. 

Dr. Thomas Wilson, Curator of the Division of Prehistoric Arelue- 
ology in the National Museum, died May I, 1902. He had been con- 
nected with the Museum for thirteen years and was a most earnest 
worker. He became widely known by his studi('s and contributions 
to the literature of anthropology. 

Respectfully submitted. 

S. P. Langley. 

tSrrritilriJ Simtlisoiuii n f/istitutfo/t . 
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Avpekuix r. 

REPORT ox THE EXITED STATES XATIOXAL .Mt'SEUir. 

Sir; 1 have the tionor to submit the followin'; report on the condition ami opera- 
tions of the Xational itluseuin durinj; the year endinj; June 3(1, lOOtl: 

Thoujjli having as its primary function the j'rescrvation anil classiiication of the 
Oovernment collections, the Xational Musenni is best known to the imhlic by its 
educational features, the most obvious of these being the illustration of nature and 
of the arts of man by means of carefully selected series of objects appropriately 
labeled and arranged in its exhibition halls in the city of Washington. Its educa- 
tional work, however, reaches out to all parts of the country tlirough the distribu- 
tion of its duplicate specimens and the dissemination of knowledge through its 
publications and by its correspondence. The collections have long since outgrown 
the accommodations provided for tlieni, and for some years the bulk of tlie material 
received lias gone into storage. It is, therefore, very gratifying to note the dis]io- 
sition of Congress, manifested at its lu.''t session, to grant funds for tlie erection of a 
new building. 

The accessions during the pa,st year have increaseil the total number of specimens 
to above 5,000,000. Besides this, nearly 700 lots of specimens wer(“ sent to the 
Museum from all parts of the country for identification and report, and several thou- 
sand letters asking for information on scientific .subje<-ts liai’e lieen rei'eiveil and 
answere'l. 

There has been a large increase over former years in the amount of duplicate 
material distribute'! as gifts to educational establishments ami sent out in exchange 
for an eipiivalent return, tlie t(.)tal nmiiher of .'•jiccimens so di.sposeil of liaving 
exceedeil 30,0(X). In adilition to the routine dutu's conneeteil with the care ami 
classification of the collections, much important scientific work has been accom- 
plished hv the ^Museum staff, ami the facilities of the Mu.scmu for comlucting 
re.searches have )>een availed of by many jiersons not eonnectcii witii tlie e.-t!ib]i.sb- 
ment. Over 6,0tX) specimens were also lent to siiecialist-i for stmly at their own 
laboratories. 

Tlie number of persons who visiteil the ^luseuiii during the year was 173,838. 

r>iiihV»gi >. — The iMuseum occujiies for its various jiurposes the greater part of the 
Smithsonian building, the adjacent large brick building, erected about 18S0 for its 
special use, parts of three detached buildings on the Smithsonian ami Armory reser- 
vations, and several rented huililings south of I! street SW. The Smithsonian and 
Mu.seiim liuildings are mainly filleil with tlie exhibition collections, hut contain also 
the offices and laboratories and the reference and study collections, so far as it has 
been possible to accommoilate them. The preparators’ workrooms and the general 
storage are mostly outside. 

Tile reports for many v'ears have called attention to the overcrowding in every 
branch of the Museum. In some of the exhibition halls there are scarcely passage- 
ways for visitors between the eases; tlie reserve series of sjiecimena comprising the 
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chief sJcieiititic wealth of the collections are, to a ereat extent, barely accessible and 
their projier arrangement generally impossible; ami the laboratories are mostly too 
small to permit of laying out specimens in course of study or in preparation for dis- 
play. More serious, however, has been the necessity during many years past of stor- 
ing very considerable parts of the collections in unsafe buildings, where they are 
constantly liable to destruction by fire and certain to deteriorate, being Vmried 
beyonil the jiossibility of suitable can- or iimpection. It is therefore 2 >leasing to note 
that at its last session Congress voted .?5,000 for the jireparation of jjreliminary j)lans 
for a new buililing, which when comjdeted should not only relieve this congested 
condition, but also enable the Museum to develop' its educational features and wn- 
duct its activities in a manner more creditable to the nation. 

Several important alterations and improvements have been made in the Museum 
buililing. Pome additional sjiace has been gained through the construction of gal- 
leries in three ranges — the wc't-north, the north-west, and the south-west, which are 
being fitted nji for the library and as laboratories for the departments of anthropology 
and geology. 

The .steam boilers, which had become entirely worn-out after a service dating from 
the erection of the building, have been rep'laced by a ]iair of high-jiressnre boilers of 
modern jiattern, with capacity for heating both buildings. The introduction of 
these made it necessary to overhaul the entire heating j'lant and to make new and 
more ami'le connections with the Smithsonian building. The boilers formerly used 
in the latter bttilding will lie retained in place to guard against emergencies, and the 
employment of one set instead of two is expiected to result in the econoiiiy of both 
fuel and labor. 

The installation of a complete system of electric-light wiring and fixtures extend- 
ing to all tlie e.xhibition halls as well as to the offices, laboratories, and storeroom.s, 
begun the j'revious year, was finished satisfactorily, .'should it be decided to open 
the building at night, however, an increased apjiroj>riation will be required to cover 
the cost of extra current and the j'ay of several additional attendants. 

Tht“ quarters allotted to the imri'oses of a lunch room have been somewhat extended 
and improved, but this very desirable museum ailjunct nnist always remain jioorly 
jirovided for in the present building. 

Oi'i/diiizatiiiu iiikI slajf ’. — The organization of the mu..'euiiL comjirises an administra- 
tive olfico and three scientific depiartmonts, as follows: Anthrojiology, with S divi- 
sions and 4 sections; Biology, with !' divisions and 12 sections; and Geology, with 3 
divisions and 3 .sections. 

Besides the three head curatm-s in charge of the ikqiartments, the scientific staff at 
the close of the year consisted of 17 curators, 12 assistant curators, 14 custodians, 11 
aids, 4 associates, and 2 collaborators, making a total of (il! jiersons, of whom, how- 
ever, only about one-half received comjien.sation from tlie Museum. Of the re- 
mainder, who are serving in a volunteer or honorary ca]iacity, the majority were 
attached to other scientific bureaus of the Government. 

The death of Hr. Tliomas Wilson, which occurred on May 4. l'l()2, ileprived the 
iluseum of one of its most earne.st and helpful workers. Widely distinimished for 
his studies and contributions on a variety of antiiropological subjects, I»r. AVilsou’s 
interests lay chiefly in the field of preliistoric archeology, and from bSS!) he had 
charge of the extensive, and important <-ollections of this di\ision of the Museum. 

Mr. William V. Gox, who was ai'jiointed to the Mu.seum in bsTfl, and has bemi its 
chiel clerk since ISStl, with imjiortant duties in connection with all the leceiit ex|io- 
sitions in which the Government lias participated, severed his official relations with 
the Museum in February, l'.ll)2, gieatly to the regret of his associates, to accept a 
more responsible I'osition elsewheie. The duties of this office have been somew hat 
modified to better consolidate the administrative work, and the title of its chief 




Hall of American History in National Museum Showing Crowded Condition of Exhibition Halls 








Plan of Smithsonian f'ARK 




REPORT OF THE SECRETARY. 


31 


officer liUiJ been elnuiged te administrative assistant. This position was tilled by the 
appointment of Mr. IV. de C. Ilavenel, previously the assistant in c’harge of fish cul- 
ture in the United States Fish Commission, who has joined to a long experience in 
the administrative work of that Bureau a familiarity with the preparation and instal- 
lation of Government exhibits. 

Mr. (deorae B. Turner lia.s been made chief taxidermist and Mr. W. ('. Phalen an 
aid in the Pejiartnient of iieology. 

.Iddi/ioa.s til the ciiJh'rl'iiDtK . — The collections of the Museum were increased 'luring 
the year to the extent of over 418,000 Sja'cimeiis, bringing the total number of speci- 
mens in its jiossession up to more than .d.liXXOOO. The additions were received in 
1,400 separate lots or ai'cessions. 

Among the imjiortant contributions in the Department of Anthropohtgy were a 
ipiantity of baskets, weapons, ornaments, and parts of costumes collected by Dr. 
AV. L. Abbott in the Andaman and Xicobar i.-lands, and many objects, including 
crania, native clothing, lamps, and articles connected with the inilustries of tlie 
F.skimo, ubtaiueil in northern Greenland and Ellesmere Land Ivy Mr. Robert Stein, 
of the 1’tiitt‘d States ( ieological Survey, during Ids Arctic expeditioti. .A numiver of 
(iuatemalan costumes and 'vf objects illustrating the first stejvs in the weaving of cot- 
tivii as jiracticecl in that country, as well as other ethnological material, were rccciveil 
from Airs. Mary AV. Gwen, of Pan/.os, tluateitiala. Two interesting diviiations were 
a series of weapons caiiturei.l during the Phili])pine insurrection, incluiliiig several 
Filipino .swori.ls of theonlinary type, some Ivolos, and a kris, front Maj. F. L. Hawks, 
U. .s. A'olunteers; and a collectii vn consisting principally of the ilifferent tyjies of punal 
de kris, a weapon carried by the women and children m the Philippine Tsland.s, 
together with a device formerly used in t lie Philippinearmy fordccaivitating woumled 
soldiers, from Dr. \V. L. AA'anusley, of Norwich, Conn. .\noth(‘r Pliilippinc ('(vllec- 
tion, sectirtsl hv luirchase from Air. .1. N. Harkins, of Calhoun, ( hi., comjvrist's w capons, 
cooking utensils, tohacc'v boxes, charm belts, imulcls of boats, newspaper.-, stiituettes. 
and c'vins. 

A collecti'vn of choice ivhjects hrought togetiier by the late Dr. G. Brown Gi.vode, 
and secure'l during the year, in hides niiisictd instninieuls, .Taivanese porcelains, 
tloiuestic utensils, gambling devices, plinpies, vase.s, an incense bivx, old Kutaiii 
ware, Alarcusi ware, Gloisoniie plates and howl.s, frays, English chinaware, and 
ironstone china from China, thlier adilitions to the collection of musical imstru- 
iiients were a .-mall series i>f instrumeiit.s used by the .\mericaii Indians, and several 
from European coniitrie-. including a nyckleliarpa, obtaincl by exchange from 
Alfs. .1. Cro-lvv Browti. of Grange, N. .1.; and 78 piece-, comprising in-truments of 
the Javanese, Cldnesc, Thibetans, Jai'anese and Persian-; Syrian and Egv]itian 
kettledrums, aTurkish iiuiudolin.etc., preseiitevl by Dr. R\au Devereaux, V . S. Army. 

A complete set of the golil ami silver coins of .^lani, and a series (vf Spanish civins 
minted, in Alexico and the Philippine Islands, embraeiiig the various kinds issued Ivy 
vSpaiii fur use in its eoloiiic'.s, were obtaineil by purehase. 

Loan eolleetions, chiefly of historical interest, received on deposit and exhibited in 
the main Aluseum luill, were as lollows: Eighty-tw'o relies ot Colonial times, ami a 
gold watch Worn bv George Fayette AA'ashington, a nephew of Georgi' AA'ashmgton, 
from the Xational Society of Colonial Dames, relies <il the Revolutionary AAkir, 
iuel tiding eommi-sious lu the Continental Army, troin the Daughters of the .American 
R( ■volution; several sw ords that had belonged totiie late Rear .Ailmiral J. AY. Philiii, 
C. S. Navy, one pri'sented by the children ot Texas, another b\ the citizens of New 
Abirk Citv, irom Airs. I'hilip; six swonls belonging to Rear Admiral R. D. Evans, 
U. S. Navv, iueluding one presented by the State of Iowa, and one hy the crew of 
the battle shij) /oc '/,- and -1 guns ea|vtiired at Tientsin, China, comprising the various 
types of European ami American manufacture now employed in the Chinese army. 
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from t'ol. W. H. Carter, U. S. Army. A ile.'?k ami quadrant u^ed l)y Dr. C. F. Hall, 
on hi;? Pohirix Arctic Expe<lition, were receiveil as a gift from Miss Anne S. Hall, of 
Cincinnati, Ohio. 

Among the important accessions in archjeology were the collection of flint imple- 
ments, bone utensils, and remains of extinct ami recent mammals resulting from the 
examination of a sulphur spring at Afton, Ind. T., by Mr. tV. H. Holmes, and a 
very large amount of material, cnnij)rising pottery, implements of stone, wood and 
shell, bones and human remains, obtained by Dr. AValter Hough during his investi- 
gations in Arizona, partly in conjunction with Mr. Peter (b Hates. 

About 10,000 prehi.doric objects from (Georgia, including carvings, spearheads, jiol- 
ished stone hatchets, and other articles of stone, ivory, ami pottery, were acquired 
from Dr. Roland B. Steiner. A collection of the implements used by the ancient 
inhabitants (if Columbia County, Pa., consisting of stone articles of domestic utility, 
stone hatchets, banner stones, arrow pcjints, and spearheads, was jiresented by INIr. 
Charles Hummel, of Espey, Pa., and a large series of prehistoric objects from the 
Potomac Valley was obtained by purcha.'=e. 

Among the accessions in arch;eology from other countries were over 60(1 specimems 
of prehistoric vases, stone figures, carvings and polished instruments, aud figures and 
dishes in earthenware from Mexico, received from l\Ir. E. O. Matthews; material 
from tlie guano caves of Las Crnci>s, New Mexico, c(.intributed by Mr. J. K. De IMier; 
an image, mortar and pestle of stone, from Porto Rico, presented by Mr. Henry Bird, 
and a series of flint iinpleinents and bones from the cavern of Kesserhjck, Schaff- 
hauseii, Switzerland, d(mate<.l by Prof. J. Heierli, of the University of Zurich. 

The additions to the technological collections include .several of hi.storical value, 
such as pieces of aiiparatus devised and used by Dr. Elisha Gray in hi.s experiiuents 
with harmonic multiidc telegraphy and with the telephone, received from !Mrs. 
Gray; one of the tin-foil records made by Edison’s first phom;graph when exhibited 
before the Xatioiial Academy of Sciences at the Smithsonian Institution in 187S, con- 
tributed by Mr. IVilliam .J. Rlices; a number of electric lighting ami telephone 
devices, and one of the early forms <fl’ typewriiing machines. 

In the Department of Iiioh.)gy the collections sent by Dr. W. L. Abbott from the 
Ea.st Indies, consisting princijially of mammals, birds, reptiles, and insects, formed 
the most important zoological accession®. <>f mainmal.s there were 848 specimens, 
including many new species, from the islands of .\mlaiiian, Aicohar, Linga, Sinkep, 
Johore, ami others farther eastward, of birds, over 700 specimens, and of rciitiles, a 
considerable mmdici’. Tlic region vieited by Dr. .Vbbott is in large jiart a new Held, 
not previously represented in tlic National Muscinii, ami tlic generous contrilmtions 
from this indefatigable explorer give the Museum a collection from this rcgii.in 
wliich i® alisolutely iniiivalcd. 

Otlicr sjiccimens of iiianimals received, doerving of mention, were a tine skeleton 
of tile huge Kod ak I .\laska) bear, from Mr. J. H. Kidder, of Boston; African ante- 
lopes and monkeys from Dr. A. Donaldson !®mith, of Philadelphia; many skulls of 
moose, elk, and other deer from NIr. Flrnest Thompsou-Seton of Aew York; ami a 
large series of small iiiamnials from Germany and of sijuirrels from Asia. 

Among ornithological material were about 300 Cuban and Porto Rican birds, col- 
lected by IMr. 1!. S. Bowdish; a c|uantity of Culian birds collected bv Mr. William 
Palmer; a series of East Imlian birds from the Royal Museum of N'atuial Historv at 
Leiden, Holland; a large number of Brazilian birds fr<mi the Muscu Paulista at Sao 
Paulo, Brazil; besides smaller <-ol lections from NIoxico, Cocos Island, Hawaii, and 
Great Britain. Scxcral rare sjiccics of birds’ eggs were obtained. 

The reptilian collection was enriched by the field work in Cidia and Porto Uico of 
Mr. B. S. Bowdisli ami IMr. William Palmer. Specimens were also received from 
Jajjan, Sumatra, aud tlie Pliilipjuue Islands. 
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The IHvifiiun of Fislieri was fortunate in securinir, tlirou^'li .Messrs. .Vnderson and 
Price, of Ormond, Fla., the skin of a whale shark (Ithiimihjii), P! feet long, the first 
of its kind recorded as being taken in the North Atlantic Ocean. The Leland Stan- 
ford Junior rniversity i)resente<l the tyi)es of a large nuinher of Japanese ii.shes 
described by l>r. David S. Jordan, and also specimens from Panama, Cocos Island, 
and tile ( ialajiagos Islands. collection of Egyptian lishes from the Nile was con- 
tributed by Dr. Dashford Dean, of Cohmihia Cnivet>ity, and interesting material 
from several sources was transmitted by the I'nited States Kisli Commission. 

Twelve species ot land shells fiom Cocos Island, cotyiies of siiecies described in 
E. von IMarten’s work on the mollusksof that locality, were donateil by Mr. William 
H. Dali. Some 11,00(1 shells from Lower California w ere received from Lieut. C. .\. 
Clarke, r. S. Navy, and a number of new species of North .Vnierican land shells 
from Mr. ,T. II. Ferris, of .Toliet, 111. 

The largest addition to the Division of Insects compri.'cd about ().'i,(IOO specimens 
collected by Mr. E. .V. Schwarz, custodian of the coleoptera in the Museum, in Ari- 
zona, at his own expen-e, and by him presented to the national collections. The 
IMuseum was already indebted to this generous friend for the gift of his extensive 
jirivate collection previously fonm'd. .Sonm T.tMiO insects of siweral grouiis were 
brought from the Hawaiian Islands by Mr. \V. 11. .\shmeail. and l(l,(-)00 specimens 
of lepidoptera from Colorado by Dr. 11. < i. I'tar, assisted by Mr. N. Caudell. The 
expeditions on which this material was .securcl are referreil to cKewhere. Ten 
thousand beautifully prepared specimens of butterflies, mainly from Mexico and 
Central .America, have been deposite<l in the Museum by Mr. M’illiam t^chaus, of 
Twickenham, England. 

The Division of "Marine Invertebrates receiwd from the rnile<l States Fish Com- 
mission a series of Porto Kicau sponges, icleiititied by 1 ir. 11. Wilson, of the 
Cniversity of North Carolina: echini and liolothuriiius fiom the same locality, iden- 
tilieil by Prof. II. L. Clark, of Olivet College: the crusta<’i.‘an' and echinoderms col- 
lected during the exiled ition of lUill to the Hawaiian Dlands: and a iiuantity of material 
from the marine station at Woods Hole, Mass. The extensive collection of corals 
maile some years ago at the Philippine Islands by Prof. ,1, 15. Sti ere and Prof. Dean C. 
AVurcester was obtaineil by purchase. .Among the smaller acces.sions of importance 
were a (juantity of marine invertebrates from Ellesmere Land, ci illected by Mr. Robert 
Stein; a series of the cave crustaceans of Kentui-ky and Tennes-ee from Prof. AV. P. 
Hav: a number of Alaskan crustaceans from Mr. K. S. Alctlrcgor, of the 1 . S. Coast 
burvev st('anier PnllitiinJi'r: and samples of the .\tlantii- sea-bottom from tin* I'nited 
States Navy. 

Thri lUgh the gmierous bequest of Dr. Charles Alohr. of .Asheville. N. P., w ho ditsl 
in .Julv. UKIl. tlu' Division of Plants became possessed of his entire collection of flow- 
ering plants, comprising mure thati l.s,0(Mt snocinums, chiefly from the southern 
United States. Two t ears previously Dr. Mohr had presented to the Alusenm his 
collection of about J,0()0 specimens of cryptogamie plants from the same region. 
From his trip to Central America during the summer of UKH Air. J. N. Hose brought 
back a large number of jilants, including specimens from Alount ••lizaba and Alount 
Popocatepetl, and abo some living jilants, which were deiiosited in the greenhouse of 
the De[)artment of .Agrii-ulture. .A valuabU' collection from China and the Phili[i- 
pine Islands was contributed by the Royal Ilotauic < laideus of Kew , England; oter 
(),00(l plants from various jiarts of the United States <iud from llra/.il, < iiiatemala, 
Mexii'o, and Porto liiiowere transmitted by the Lepartmeut of .Agriciiltun-; and 
abo\it 4,t;0(l Chinese pl.uds were jiciiuired by purchase. 

In the Dejiartment of ( ieology the accessions have been numerous, and in some of 
its divisions of more than ordinary imiiortancc. .Among the rocks and ores tran.s- 
mitted by the United States (geological Survex were many specimens illustrative of 
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its recent explorations in Colorado, Montana, and Oregon. A large quantity of ore 
samples from the United States exhibit at the Paris Exposition of 1900 was turned 
over to the iMuseum by the Government Board. The minerals added to the collec- 
tion comprise many varieties, a number of which were not previously represented. 
Especially worthy of mention are a fine specimen of native tellurium from Delamar, 
Xev. ; a magnificent mass of moss gold on ijuartz from the “Miner’s llream” mine, 
Old Chester district, California; characteristic samples of Alaskan gold; fine speci- 
mens of molybdenite from Okanogan County, M'ash. ; axinite from Switzerland and 
Japan; beautiful crystals of tourmaline from Mesa Grande, Cal.; and zeolites from 
Golden, Colo. Following are the new species obtained: Xarsarsukite, j)ercylite, yttro- 
cerite, picroallumogene, hornite (in crystalsl, espistolite, plumboferrite, ankylite, 
sulvanite, thalenite, elpidite, and lo.ssenite. Fine specimens of tourmaline and ame- 
th\>t were received as a gift from Dr. T.. T. Chandierlain, honorary custodian of gems 
an<l precious st(.ines. 

The meteorite collection was increased during the year to the tcxteiit of 29 falls, 
and now comprises specimens representing a total of 35B distinct falls. The most 
valuable additicju was a .stony iron meteorite from Admire, Ivans. The .sources of 
other important specimen- were as follows: Mis.shof, Courland, Eussia; EafriLti, 
Switzerland; Cereseti. Piedmont, Italy; .'^t. Mesniin, Salles, and Lacon. France; Sao 
Juliao de Moreira. Portugal; Limerick, Ireland; Shalka, Bengal, India: Khinc Villa, 
South Australia: IVeston, Conn.; Algoma, Wis.; Jlonroe, M. C.: Tombigbee, Ala.; 
Tonganoxie and Kiowa County, Ivans.; and ^^an Angelo and Kendall County, Tex. 

In invertebrate paleontology there were several very large and important addi- 
tions. Some 15,000 specimen.-, including 10,000 brachiopods, 4,200 bryozoans, many 
cretaceous forms from Kew Jersey, and cystids and crinoids from Marylaml, com- 
posing the private collection of Mr. Charles Schuchert, as.sistant curator of strati- 
graphic jjaleontology, were donated by him to the Museum. Prof. ( ieorge IM. Perdew 
also ]iresented his entire collection of Silurian and Devonian fo.-sils, about ],3o0 sj)eci- 
mens, from Cumberland, >!<1. The If. (). I’lrich collection of Ostracoda, containing 
about 5,000 sia'cimens, and the type an<l figured .-jiecimens of 100 species, wa.s 
aciiuired by [lUrcha-e. The transmissions from the Geological Survey included 
8,755 sjiecimens of CambriaTi brachiopods, which had been the subject of special 
.study by the Director, Dr, Cliarles D. Walcott. 

The extensive st'i'ies of teeth of the elephant and ma-todon, obtained by Jlr. 
W. II. Holmes at Aftoii, Ind. T., as.-oeiated with jirehi.-toric implements, has proved 
of great interest, several species being represented. 

The ai'cessions in Paleobotany inilude a valuable collection of fos-il jilant-, com- 
jjrising the type si>eciniens described by Prof. Ebenezer Emmon- in his American 
Geology, ])art li, bS57; KKI specimens from the auriferous gravels of California, col- 
fected by Mr. C. D. Voy; 40 sj)ecimens from what may be the Fpper Jurassic for- 
juation in the vicinity of the Corwin coal mine, near Cape Lisbourne, Alaska; about 
800 si)ecimens from the Jliocene Kike Ijeds of the South Fork of John Day Kiver, in 
Grant County, Greg., transmitteil by the Geological Survey; and about 100 speci- 
mens of Upper Carboniferous plant- from, the vicinity of I’lympton, Mo., described 
I y Mr. David M’liite in tlie F’os-il Flora of the Coal Measures of Mi.-souri. and jire- 
sented by Dr. John 11. Britts, of Plynipton. 

E.rploratlons . — Owing to the very limited means a\ailable fur field researches, the 
amount of work of this character carried on by assistants of the .Museum has bt-en 
relatively small, and most of the exj>e<lition- made were oidy renilered possible 
through coojieration with other buieaus of the Go\ermuent or through the gener- 
osity of individual-. The Government explorations by which the Museum is^most 
benefited are those conducted by the Geological Survey, the Fish Conunission, the 
Department of Agricultuie, and the Bureau of Etimology of the Smithsonian Insti- 
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tution. Officers of the Army and Xavy, with tlie exceptional opportunities now 
afforded them, have also been doing some excellent work for the Museum, especially 
in the Philippine Islands. In this connection mention should likewise be made of 
the important explorations which L)r. IV. L. Abbott, of Philadelphia, has been car- 
rying on for several years in the East Indie.s entirelj' at his own expense, the results 
being generously <lonated to this Institution. The latter compri.^e large collections 
in zoology anil ethnology, whose value is enhanced by the fact of their coming from 
a region hitherto scarcely represented in any niu.seum in the world. The field work 
engaged in during the year by meml)ers of the Museum staff was as follows: 

Mr. IV, H. Holmes, head curator of anthropology, visited Indian Territory and 
Missouri, in the former investigating an interesting dejiosit of Hint implements and 
bone utensils associated with the remains of extinct and recent nianimals at Afton, 
and an ancient chert quarry on the Peoria Indian Reservation, and in the latter 
examining near Kimmswick an extensive deposit of fossil mammals in which human 
remains were said to occur, and an ancient village site containing sti.ine implements 
and pottery. The investigations begun by Dr. IValter Hough in Arizona, in June, 
IttOl, were continued through the .summer, in conjunction with Mr. Peter (i. ( iates, of 
Pa,“adena, t'al., and chiefly at the expense of the latter. .In archieological .section 
was made on a north and south line from Fort .\pache to Moki, a distance of about 
180 miles, and a large amount of material was obtained. Kthnographical work 
wa.s also done among the Apache, Navajo, and Hopi Indians, and two new groups of 
ruins north of Holbrook tvere inatiped. 

Mr, IV. H. Ashmead, who accomjianied an expedition of the I'nited .'^tates Fish 
Commission to the Hawaiian Lsland.s in May, IHrtl, for the ]mrj)o.se of making col- 
lections of insects and of studying the insect fauna of these new jios.sesi-ioii.s, returned 
late in the summer with an important lot of material. Mr. B. ,8. Bowdish, formerly 
of the I’nited State.s Army in Porto Rico, was employed for about seven months in 
procuring zoological specimens, chiefly binls, in Porto Rico, in eastern Cuba, and on 
Mona Island. Mr. 0. L. Pollard and Mr. IVilliam Palmer accomjianied Dr. Kilward 
Palmer, of the IXqiartment of .\grieulture, in the sjiring of 1 !kH on an expedition to 
eastern Cuba, wljere tliey obtained an interesting <•01^(11011 of plants, birds, bats, 
insects, and marine irn'crtei) rates. 

Tile station of the Cabot Steam Wlialiiig Company, mi the sontli roast of New- 
foundland, was visited during the summer of 1*101 by Dr, Freilerick W. True, who 
made a special study of tlie sulphur-lHiltom whales, obtained many jiliotographs, and 
arranged for the prejiaration and shipmei.t to Washington of tlie skeleton of a large 
whale. In a rolleetiiig flip to Colorado, Dr. H. <1. Dyar, in company witli Mr. 
A. N. Caudell, of tlie Dei>artmeut of .Igriculture, secured some 10,000 specimens of 
Lepiiloptera, ami Mr. F. -V. Sdiwarz made in .Vrizona, at his own expense, a very 
large collection of iiasects. Two months, during the spring of P.JOl', were spent in 
s<!iuthern Illinois tiy Mr. Robert Ridgway, in the interest of tlie Division of Birds, 
f Botanical expluratioii.s were carried on in Central .Imeriea during tlie summer of 
S 1901 by Mr. ,1. N. Rose, assisted by Mr. Roliert Hay, of Washington. 

Important collections were made by 3Ir. Charles Schuchert of Helderbergian 
t fossils in New V’ork and of Cretaceous fossils in New Jersev. Mr. F. IV. Crosliv 

I obtained for the Museum a remarkably hne series of pot holes troin the basalt rocks 

I near .^nake River Falls, Idaho. 

5 Exchamjis. — The u.se of its duplicate specimens in effecting exchanges witli other 

y scientific e.stabli.shiiients and with individuals was recognized by tlie act founding 

^ the Institution as an iiiiiiortaiit means of inereiLsiug the eolleetimis of the ismithsoiiian 

I Miiseiiiii, and so it lias proved to be during the more tliaii fifty years tliat the prac- 

i tiee lias been followed. The amount of material involve*! iiieacli traiisaetimi ranges 

I from one or a few sj)eeiniem'? to eolleetimis of eoiisi(.leral)le size, wliile the eiiiiivalent 
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olitaiiied ijeiierally t>f species or i)))jeets iiut previously represented. The 

duplicate siieeiniens have therefore a liigh value as a purchasing medium, and have 
been, as a whole, the princijial resource of the ^Iiiseum for tilling gaps in the collec 
tions, and for comiileting its series along many lines, iluch valuable material was 
secured throngli this means during the past year from both domestic and foreign 
sources, the institutions and indiviiluals abroad entering into exchange relations 
liaving been as follows. 

(ireat Rritaiii- The Jlritish iMuseurn of Natural History at London, the Royal 
i!(.itanie ( iardeiis at Kew, iMr. E. J.ovett, of Croyiloii; Prof. A. t'. Iladdon, of Cam- 
bridge; iMessrs. Sowei'by and Fulton, of Kew; Mr. H. Sidebottom, of We.st Stock- 
port, Cheshire, ami the Rev. F. W. ( ialpin, of Harlow. France: The Museum of 
Natural Hist<iry at Paris: iMr. (leorges Lachenand, of Limoges; Prof. Michel ttan- 
doger, of Arnas iRhonei; iMr. Rene Martin, of Le Blanc (Indre), and Prof. S. E. 
Lassinionne, of Moulin.-, .\llier. tiermany: The Senckenbergi.sches Museum at 
Frankfort-on-Main; Dr. .1. Tliiele, Mr. T.. Frobeniiis, and iffr. C. Schirmer, of Berlin; 
Dr. Filward Rosen-toek, of (totha, Tfiuriiigen, and Dr. K. Schellwien, of Konigs- 
berg. .Vustria: The Iinjierial lio_\al Natural History iMuseurn at A'ienna. Italy; 
Tlie Royal Zoological iMuseurn at Florence; Prof. iM. Bezzi, of Sondrio; Dr. Felippo 
Sylvt'stri, of Bevagna, Cmbria, and Mr. Luigi (iardinale. of Vicenza. Switzerland: 
Mr, E. \on Fellenberg, of Berne, and Mr. M. Micheli, of Roniilly, (leneva. Por- 
tugal: Prof. Paul Choffat, of Lisbon. Holland: The Rijks Museum of Natural 
History at Leiilen and Mr. M. Buysinan, of Middleburg. Belgium: Mr. Victor 
Mahillon, of Bru-sel-. Sweden; The Zoological Institute of the I'niversity of 
Fpsala, and iMr. Sven Ekman, of t’p.sala. .lapan: The Imperial T'niver.sity at Tokyo. 
India: The Royal Botanical tiarden at Seebpore, near Calcutta. South ,\frica: The 
-tlbany iMuseurn at Crahaiustow n, timl the Botan cal tianleiis at Berea, Durban. 
Brazil. The iMuseu Paull.-ta, Sao Paulo. Chile: The National School of iMines. 
I’nigua) : Senor Serveiiaiio ile < >lea, of Montevideo. Mexico: The National Museitin 
at the City of .Mexico. .laiuaica; .lamaica Botanical ( iardcns at Kingston. Canada: 
The Ceologieal Survey of Canada at Ottawa, and Mi. .lames Fowler, of Kingston. 

ij.rliihitliiii IkiII.-. — The crowiled state of most of the exhibition halls has pre- 
venteil extensive additions to the display collections except in a few direction.®. 
iMuch work was done, however, toward improving the condition and appearance of 
these collections by small additions, and by the substitution in manv in.stances of 
better material and of a hiirher cla-s nf preparations. Considerable progress was also 
made toward i-ompletiiig the sy-tem of labeling It had been anticipated that pro- 
\ ision would hat e to be madeduiing the tear lor housing the Museum exhibit at 
the Pati-Aiiieiican Exposition. .\ huge part of the material was, however, sent to 
the South Carolina Interstate and W es| Indian Exposition, but before tbe close of 
the year the entire colli'ction was back in Wa.shiiigtou. The objects returned directly 
from Buffalo have been mainly cared for by the transfer to storage of some of the 
les' desirable ju’epaiatioiis pretiously disidayed, and by utilizing, though only tem- 
poraiily. a part of the lei ture hall. 

In the I lepai tnient ot Anthropology .-eteral of the halls ha\e been thoroiighlv 
renovated, in smiie thi' <'o||ections hate hc-eii reinstalled, and space has been found 
fora few new ethnologic.il groups. 

.\mong thi‘ additions in the Dejiartiueiit of Biology were many linelv mounted 
Specimens of mericaii maimnals and birds, a jiart of the disiilav at the Pan-Amer- 
ican Exposition, the former including a huge specimen of Stellei’s sea-lion and a 
skeleton of the Kadiak bear. 1 n the south-east .Museum range, allotted to reptiles, 
batrachians, and lislies, some iinpiotements hate been made, several new cases bein>' 
provided, many new preparations replacing older ones, and a number of large forms 
not previously represented lieing adde.l. Among the latter weie a cast of the King 
Cobra snake with acee.s.sories lejiresenting the edge of an Indian jungle, a very large 
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Amazon River turtle, a Mata-iiiata turtle, a liuire allisjator snapjiei-, tlie largest of the 
North American ■water tui'tles, several l)oas, lizards, toads, ami frog-'. An exhibit (.if 
lizards M ill be arranged in some of the Mall eases. 

The jiermanent installation i.if insects in the hall recently a.ssigned to this grouji at 
the M'e.stern end of the Smithsonian building has [irogressed to the extent of mount- 
ing about 2,700 specimens in 20 of the standard boxes occupying .-(cn eral ujiright 
cases. In the labeling of this series atti-ntion hases[)ccially been called to species of 
peculiar habits and to those of most interest to the public. 

To the display of xertebrate fossils have been added jiartial skeletons of the large 
Tricfi'dtijpx and of tin- carnivorous dino.sanr, Al/osmii iiis The installation of 

the Harris collection of invertebrate fossils, in a section of the rail ca~e of the gallery 
in the .southeast ciiurt, has been jn-actically eoinpleted. This collection, received in 
1898, is one of the finest yet made in the region it repre-ents, being especially rich in 
crinoids, .“tar-tishes, and trilobites, containing of the last group about tibO out of the 
V.IO species knoMn from tin' Cincinnati forniati(jn. 

The collections relating to physical and chemical geology ha\c, in Jiart, been 
thoroughly overhauled and I'earranged, and about 100 photographs, maps, and other 
picturt-s illustrative of these sulijr-cts have Ix-eii placed on the adjoining Malls, The 
building of galleries in tin- south-M’est range made it necessary to remoxe foi- a time 
the collection of minerals, M'hich, at the close of the year. Mas being reinstalled after 
careful renovation. 

PiAdiontionx. — The publications issued during the year conijiri'ed xoliime 2.'-! of the 
Proceedings, and a numlier of papers belonging to \olunie 24. Part 1 of Ihilletiii No. 
50, Bulletin No. 51, two additional jiarts of Bulletin No. eh, and ( 'ircular No. 51, 
de.scriptive of the collections illustrating rock M'eathering and soil formation, recently 
])repared for distribution to educational establishments. While the annual rep'U't 
for 1900 iii complete form Mas not received from the ( ioxernuient Printing Ollice 
until after tin' close of the tiscal yr'ur, a small edition of the several jaiiiers com j losing 
it M'as distributed as separates at an earlier date. 

Bulletin No. 50, entitled ‘‘The Birds of North and Middle America,'' by .Mr. Rob- 
ert RidgM’ay, is intended to contain de.'criiitious of all the sjiecies and subspecies ot 
birds kiK.iM U to occur on the Noi'th American continent, a?id Mill consist of several 
parts or volumes. Parti treats of the Fringillida-; part 2. covering the Tanagridm. 
Icteriihe, C'lerebiihe, and the Mniotiltida-, is in ]ircss. liulletin No. 51, compiled 
by IMr. R. I. (leare, is a list of the ]iul)lications of the National Museum from 
1S75 to lilOO. including all papers printed in the Reports and Pioceedings, and has an 
index by titles. The additions to Bulletin No. I'.n arc. a revised edition of .Mr. (lei- 
ritt S. IMiller's '* Directions for collecting and preserving study specimens of small 
mammals,” with abstracts in < ierman, French, and .''Spanish, ami ••Directions for 
collectors of American basketry,” by Prof. O. T. Mason. 

Lihriii’ii. — The additions to the library during the yr'ar numberi'd ks, 15,055 

pamphlets, and 5,885 parts of periodicals. 

— At the Pan-American Fixposition held in Buffalo. N. Y.. from Flay 1 
to November 1, 1901, the NIuseum, in conjunction with the jiarent institution and its 
other branches, made an extensive and exceedingly creditable disyilay. The main 
features consi.stcd of a large mmdiei of lile-si/,ed lay-tigure groups illustrating the 
type tribes of American aborigines, of finely nioimted si>ecimens of many of the larger 
American mammals, birds, reyitiles, and fishes, and of the skeletons and restorations 
of several of the large fossil vertebrates of the western Fniti d States. 

Upon the close of this exyiosition, in accordance M ith the directions of the Presi- 
dent of the United States, a carefully selected collection Imm the above exhibit was 
transferred to the South Carolina Interstate and West Indian Exposition. Mhich 
opened at Charleston on December 1, 1901, and continued until May 51, 1!102. 
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For the Louisiana Purchase Exposition, to be tield at St. Louis, Mo., during the 
summer of 1904, Congress has appropriated §450,000 toward the erection of a Gov- 
ernment building and .§800,000 for the preparation and installation of an exhibit by 
the several departments and bureaus of the Government. Dr. Frederick \V. True, 
head curator of biology, has been designated to represent the Institution and Museum 
on the government board of management, having served in the same capacity in 
connection with the Pan-American and Charleston expositions. 

Respectfully submitted. 

Ricii.^kii R.\TITBL'N', 

, luxiatdjit Si’cretdry. 

Mr. S. P. L.tNGi.EV, 

Secl'etwi/ nf Die Sin ithumiinn Inetilidion. 

Acgi-.st 1, 190:1. 



ArPKNDIX ir. 


REl'ORT OF TIIF RFREAF OF AAIF.RICAX FTIIXOLOGY. 

Sir: 1 liave the lionor to report on the operations eonilueted in tlie Bureau of 
Aineriean Kthn(jlo<jy durinf; the liseal year einling June JO, 1002, under authority of 
the aet of Congress making jirovision “for continuing researelies relating to tlie 
American Indians under the direction of the Smitlisonian Institution,’’ apjiroved 
\Iarcli 4, 1901. Tlie work was carried forward in accordance with the formal plan 
of operations suhmitteil on Alay 20, 1001, and approved hy the Secretary on Alay 
23, 1901. 

Fdehl operations were conducted in Alaska, Arizona, British t'ohnnhia, California, 
Colorailo, Chihuahua ( Mexico), Greenland, Indian Territory, Iona, Maine, Missouri, 
New Alexico, Xew York, ( iklahoma, Oregon, Porto Rico, Texas, and Wyoming. The 
oftice work covered material gathered from most of the States and Territories, as well 
as from various other parts of the American hemisphere. 

Seoi’R OF riiK Work. 

The researches of the year were conducted in accordance with an ethnic system 
set forth in the earlier reports. This system may he de(ine<l as the Science of Eth- 
nology in its modern aspects. Although ha.sed on investigations in all parts of the 
world during the past century, the system is essentially the product of the researches 
in American ethnology during the last two decades of the nineteenth i entury. \ow 
that the system has assumed definite form, it affords a foundation not only for future 
researches, hut for appliing the principles of ethnology to jiractical riucstions. 
Accordingly the work of the year was gradually turned toward lines hearing ilireetly 
on (inc.-tions cjf jmhlic interest. 

.Vmong the lines of work in w hat may he calle<l .\p|)lied Ethnology, to w hich spe, ial 
attention has been given iluring tin' year, two may he j>articnlarly mentioned: 

1. IVii/nircil I'lhiioldiji /. — Gn the institution of the Bureau in 1S79 the Director found 
the science incomplete in that it dealt largely with merely ca-ual chara teristics of 
tribes and races, and neglected the essential characteristics expressed in the activities, 
or the doings, of jieoples. So, special attention was given to the habitual doings of 
the several tribes studied, and at the outset each was regarded as an activital type or 
genus: these were then i ompared, and in the light of the co'oparison the activities 
themselves were analyzed and afterward gronpeil systematically. It was in this way 
that the science of demonomy, with its subdivisions each relating to a group of 
activities, was developed. Xow this great science, dealing as it doe.s with tlie doings 
of tribes and races, each regarded as a tyiiical group, is practi ally confined to the 
artificial or psychical side of mankiml; it barely touches the natural or physical 
attributes; yet it affords a has s for classifying these attributes and measur'ng the 
influence of the prime force of demotic activity in shaping their development. In 
other words the earlier ethnology dealt only with features and traits inherited from 
prehistoric ancestry; what may he called the New Ethnology deals with those traits 
and human powers hy w hich mankind i- d stinguisheil from all other organisms. 
The researches indicate that such traits and iiowers, such features and fa ulties, are 
connei ted with the normal development of tribes and races, and are, indeed the 
essential factors in the growth of nations, .\ci-ordingly it would seem that the time 
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is at liand for applying the principles of the Yew Ethnology to American aborigines 
as ethnic constituents of a growing citizenship. The application requir. s a statistical 
study of physical characteristics, including viability, industrial aptitude, etc., of 
typical Indian tribes, together with a similar study of mixed bloods, or mestizos, 
both conducted rvith a view of comparison with Caucasian and other ethnic norms. 
The imj)ortance of this line of incpiiry is suggested by the fact that there are no 
phy.dcal statistics on record of any tril)e of our passing race available for comparing 
stature, .strength, endurance, viability, fecundity, and other jihysical attributes, with 
those of Caucasians, either with the view of gratifying our instinctive desire for 
knowledge or with the object of deriving useful information fnjiii the experience of 
other ]ieoples. The importance of inquiries concerning mestizos is sufficiently indi- 
cated bv the history of a neighboring Repid)lic, whose president is at once a product 
of the blended blood of the white and red races, anil one of the foremost among the 
world’s national leaders. Singularly, there are no trustworthy records of mestizos in 
this countrv. though their number must reach some dO to (iO per cent of that of the 
pure-hlood Indian iiiquilation. Yor is it to be forgotten that many of the jiractical 
prohlems connected with immigration, Chinese exclusion, the occupation of Porto 
Rico, Hawaii, and the Philiiipines, and the education of the colored race can be 
finally .solved only in the light of ethnologic jirinciples. whether these he develojied 
through slow exiierience or derived from scientific researches alreaily advanced to 
the ajiplicahle stage. These and other weighty considerations have led to the 
inauguration of researches in iihysical ethnology. During the fiscal year a series of 
physical records made by Dr. Franz Boas among the Siouan Indians, with jilioto- 
graphs representing the physical types, was accejited for puhlication. 

2. Ah<iri</in(il I'lWio/io'c.i. — It is well known that ahoriginal America gave the world 
corn, the jiotato, certain beans and squaslies, tohaeeo, two varieties of cotton, and tlie 
doniestie turkey; it is nut .so well known that the native trihes utilized various other 
natural resources which might well he introdiieed into the dietary and eommerce of 
Caucasian peoples; and still less is it realized that various jirepared foods in habitual 
u.“e hy the Amerinds are of unsurpassed exeellcnee — for while succota.sh and hominy 
liave come into general use, the far suiierior pinole, tamale, and i)emmiea7i are only 
locally used hy whites and niaiiy otlier desirable dishes are entirely neglected. 
When the Bureau was in.<titnted it was a eoinmoii impre.ssioii that the aborigines 
were mere huntsmen and fishermen, whose habits were in the highest degi'ee vicious 
and improvident; hut as the human uetivities were defined and the alioriginal indus- 
tries were adopted it heeame more and more evident that many of the trihes were 
e.“sentially agrieiiltuial, and that all sidi-iisteil in miidi larger degi'ee than eomnionly 
siljijiosed on the [iroduce of the soil. As re.si'urehes ]irogressed the hiiportani'e of 
various ahoriginal food sources neglected hy the Anglo-Saxon became clear, and at 
the same time it became clear that onr )ieople might learn much fn mi the red man con- 
cerning the sinqiler agricultural methods and the ways of hringing plants and animals 
under cultivation and dome.'-tication. The success of the native in utilizing natural 
resources is well illustrated in the arid region comprising that portion of the country .“till 
unsettled. The traveler over the priiiciiial railway from a few miles vv e>t of F.l Paso to 
a few miles east of .Sau Bi'rnardiiio traverses a zone suiqiortiiig a Caucasian jioiiida- 
tion of some 2(», 0(1(1, with jici haps half as many Indians, the same zone ahouuds in 
ruins of ahoriginal dwellings, temjiles, aeequia>, and reM'rviih'>, attoting a popula- 
tion fully ten times greater during the agririiltural jieriod antedating the .\pache 
vvar“ of the last eight or ten centniies. It is highly significant that our least- 
poinilatcd arid districts in the Nnithvve^t urethose vielding most ahundant evidences 
of numerous pojmlatioii dining ])rehistoric times. A sjieeilic exanqile may he founil 
in Arivaca Valley, Arizona, with a ]>resent jiujiulatiou of le^s than 100; vet one of 
seven iirehi-.torie villages within the vallev eoniiiri'es ruins of more than 120 dwell- 
ings, with temple, corral, stadium, and plazas, evideiitiv representing a iio|inlation 
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of fully 600 for the village and M,000 to .>,000 for the valley. .Vlthough the dejiopula- 
tion began in the prehi.«torie age, through tvarti rtill in jirogress at the time of discov- 
ery, the historic pieriud has witnessed a ])art of the change; for it can not he douhteil 
that Caheza de Yaca, Coronado, Alarciai, and their fol lowers saw within the zone 
between western Texas and eastern California a population twice or thrice the 
aggregate now subsisting within it, and this despite modern multiplication of indus- 
tries connected with mining, grazing, and transportation. The success of the abo- 
riginal husbandman in this region was partly due to a system of irrigation so 
satisfactory that modern farmers often prolit by the prehistoric ditches; yet his chief 
a<lvantages grew out of a more (.s-onomicai adjustuwnt betw ecu labor ami produce, 
including crops now neglected. .Vmong the neglected cr<ip plants are various cacti 
(locally known as saguaro, pitahaya, nopal, saguesa, etc. i , w ho.se fruits suthccd to 
support the entire native [lojiulation for some two months of each year, though they 
are never used by -Vnglo-Saxon settleiv. The.se cacti are [iroducts nf the desert jiar 
excellence, ailjusted to thinr habitat during geologic age.s. and. in some way not yet 
nunle out, deriving their vital energy chielly from light; ami they give promi.se that 
( unless ext(“rminate<l by vandalism 1 they will some day \ ield to intelligent cultixa- 
tion and add an invaluable resouret' foourarid districts. The researchi'S concerning 
aborigittal food sources ha\e been coupled w if h other studies in nati\e economics, 
including those pertaining to textiles used for clothing, birch bark useil for canoes 
and habitations, the making of l.>askets, etc. In most cases the imnieiliate aim was 
to record the primitive customs and crafts as a contribution to knowledge of a laissing 
race, but the inve.«tigations have reached the stage of ) ielding u.seful les.sons to the 
superior rac('. As announced in recent reports, productive studies of the beginning 
of agriculture anil zooculture have been conducted. Ihiring the jiast liscal year a 
memoir on Wild Rice, by Dr. .Tenks, has been puhlislu'd, with a view of directing 
attention to a natural resource giving promise of value to modern agriculture; Dr. 
Russell spent the greater part of the year in a critical stmly of a tyi'ical tribe of the 
arid region t the Dima Indians), and has prepared a memoir on their industries for 
early publication; a sy.steniatic investigation of the birch-bark industries of the 
aborigines was taken up by Dr. .Tenks; and Dr. Eewkes devoted a jiart of the year to 
a special study of the aboriginal economy of I’orto Rico, with jiarticiilar reference to 
the artifacts ami customs still extant, and giving promise of future value to that 
newly acipiiivd territory. 

Except for the diversion of a (lortion of the energies of a few collaborator^ to the 
applications of etiimilogc, the work has hei'ii continued along former lines; and, as 
heretofoie, most of the collaborators have been employed )iartly in the lield and 
partly in the ollicc. 

The organization of the work, which is slightly moditied by the apiilications herein 
set forth, mav be detined as follows: il) Physical characteristics ) including the 
demograjdiy of the native tribes), or somatology; (21 mental characteristics, or 
psychology; (.Si arts (including games, sports, etc. ), or e.sthetology : (4) industries 
(including economics), or teihnology; i.il laws, or sociology: (6i languages, or 
jihilologv: ami (7) myths (together with attendant ceremonies and other observ- 
ances), or sophiologv. t’ustomary attention has heeii given al'o to general and 
classilic work, to the illiist lation, editing, and iiuhlnation of rejiorts, to distribution 
of the jmblislmd material, and to the ancillary ollice work. 

FiEii) Ri;se.\ucii .\.\i> E\i>i.oi;.m ion. 

The Director spent over three months in Maine, engaged (so far as imiiaired health 
permitted) in rt'st'arches among tlu* northeastern .Vlgoinpiian Indians and in recising 
his classiiicatory writings designed for the guidance of operations in tlu^ Rureau. 
The linguistic and other material obtained from the Indians was utilized directly in 
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the more general work, including the linguistic cliissification described in other 
paragraphs. 

Although occupied chiefly in adminstrative work, the Ethnologist in Charge made 
a reconnaisance in eastern-central Colorado early in the fiscal year, visiting certain 
archteologic localities, notably in the vicinity of Pueblo, Colo., and tracing the con- 
ditions affecting tribal movements during prehistoric times about the bf)rderland 
between the peoples of tlu> plains and those of the mountains and plateaus. 

On August 16, Ur. J. Walter Fewkes proceeded to southern Colorado and northern 
I^ew Mexico for the purpose of extending archmologic explorations in districts hith- 
erto inadequately studied. His oi>erati<.>ns were extended southeastward through 
New Mexico into western Texas and northern Chihuahua (Mexico); in the latter 
State he made the most critical study thus far attempted of the extensive prehistoric 
ruins known as Las Casas Grandes. Throughout, he made extended notes on the 
surviving tribes, as well as on the various type.s of ruins and other relics, of which a 
carefully selected collection was brought in on his return to the office on November 20. 

On April 28 Dr. Fewkes sailed for Porto Rico, with the object of making such a 
reconnaissance of this and neighboring islands as might serve to throw light on tho.se 
aboriginal indu.stries still surviving and giving promise of utility, and at the same 
time form a basis fcjr a more extended investigation during the current year. 
Although scarcely extende<l beyond Porto Rico, his work was successful, yielding 
material for a special report. He returned ti> Washington and began the prepara- 
tion of this report just before the close of the fiscal year. 

Mr. James Mooney proceeded, on Steptember 17, to the field in Oklahoma and 
Indian Territory, where he resumed a special investigation of the heralilic systems 
employe<l among the Ki(jwa, Kiowa- Apache, and Cheyenne tribes. His work con- 
tinued throughout the fiscal year, yielding the greater part of the material reijuired 
for an exhaustive monograph on one of the most interesting customs of the Ameri- 
can aborigines. In connection with the stutly of the devices, a considerable objec- 
tive collection was brought together for preservation in the National Museum. 

Throughout the entire fiscal year Dr. Frank Russell was in the fiehl, chiefly in 
Arizona, though his operations extended into New Mexico and Colorailo, and abcmt 
the close of the year into the Muskwaki habitat in Iowa. During the earlier 
months he made an extende.1 arcineologic reconnaissance of the upper Gila Valley, 
pushing his journey southward to the international boundary, westward to the 
area already covered by other collaborators, and northward to the border of the 
plateau country; thence the surveys were extended over the plateaus into Colorado 
and New Mexico tor the purpose of comparing the lowland antiquities with those of 
the highlands. During w inter and spring he located in the Pima conntrv, near Saca- 
ton, and began a systematic study of the industrial and other customs of the Pima 
tribe. The work yielded material for a special report on the technologv of the tribe 
and for a more general monograph on the histori<- and prehistoric inhabitants of the 
Gila Valley. 

On October 80 Dr. Albert S. tiatschet repaired to Imiian Territory for the jinrj)Ose 
of completing his Peoria vocabulary and grammar, and making cognate researches 
among the few survivors of the Peoria trilie. He was able to iierfect his records of 
the language of the tribe during the ensuing month and bring his work to a succe.iis- 
ful clo.'-e about the midille of Decemter. 

The beginning of the year found Dr. John R. .s wanton engaged in researches 
concerning the language and social organization of the Haida Indians in British 
Columbia. This work continue<l until September, yielding voluminous material for 
publication in future reports. On September .80 he returned to Washington and 
began preparing the material for printing. 

Under the immediate guid.ance of Dr. Franz Boas, philologist, Mr. H. H. St. Clair 
2(1, spent the first three months of the year in linguistic researches in Wyoming 
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and Oregon. In the former State he made a full record of the h jcal Shoshoni dialect, 
and in the latter he made a partial collection of the lexu- and grammatic material of 
the AVasko and Piute languages. I’nder similar giiulance, Mr. William Jones made a 
critical study of the Mmskwaki language in Iowa and Indian Territory; and Dr. 
Roland B. Dixon recorded the languages of the Maidu and other triljes of north- 
eastern California under the auspices of the American Museum of Natural History, 
hut with an arrangement (noted elsewhere) hy which th<‘ material is available in 
the Bureau work. 

On September 25 Prof. AV. H. Holmes, of the National Museum, and Air. De Lancey 
Gill, of the Bureau, repaired, under the auspices of the Bureau, to northeastern 
Imlian Territory for the purpose of examining a spring reported by a correspondent 
to contain abundant bone and flint implements associated with bones of both 
modern and extinct animals. They were successful in obtaining ( I ) the finest collec- 
tion of mammoth teeth thus far made in America; (2) one of the finest collections 
of masto<lon teeth ever made, and (3) the most .striking collection of chijiped arrow 
points, lance heads, and knive.s thus far made in a single locality in this country. 
They verified the reported association and were able to identify the spot as an 
aboriginal shrine to which the attention of the aborigines was probably directed by 
the gigantic teeth ami bones of extiiu t animals, and at wbich sacrifices were made 
through several generations. During the same trip they visited Kiminswick, ^Io., 
where also human relics are reported to occur in association w ith bones of extinct 
animals. Toward the close of the year Profe.ssor Holmes again visited this locality, 
and, with the assistance of Air. Gerard Fowke, made a considerable collection for 
preservation in the Aluseum. 

In November Dr. Robert Stein returned from a two years’ absence in F.llesmere- 
land and northern Greenland, where, under facilities affor<le<l by the Bureau, he 
obtained ethnologic data of interest relating to the northern Eskimo, or “.krctic 
Highlanders.” Besides a small objective collection designed for ])reservation in the 
Aluseum, he brought in the words and music of several songs which serve t(.) estab- 
lish the existence of an archaic language among these ]>eople, and at the same time 
to demonstrate for the first time, and <tesi)ite a prevailing opinion to the contrary, 
the existence of a fiiluoial cult among them. 

Under a special arrangement, Aliss Alice C. Fletcher visited Oklahoma early in 
the fiscal year for the purpose of verifying and extending her records of certain 
Pawnee rituals designed for publication Iiy the Bureau. Later she employed certain 
aged Pawnee Indians to recite the ancient rituals in such manner as to irermit the 
making of phonographic and other records. Her efforts have resulted in uniiiue 
contributions to knowledge of the esoteric customs connected with human sacrifice 
and other rites in j)re-Columbian times and still surviving in emblematic form. A 
part of the material has been incorporated in a monograph on the Hako ritual, form- 
ing part of the Twenty-second Annual Report. Also under a special arrangement. 
Dr. AA’illis E. Everette sent in useful records concerning the .Athapascan tribes of 
Alaska. 

During the earlier part of the year Air. < ). P. Phillips was employed temporarily 
in making motion pictures representing the industries, amusements, and ceremonies 
of the Pueblo and other tribes in New Alexico and Arizona. The object of the work 
was to obtain absolutely trustworthy records of al)original activities for the use of 
future students as well as fijr the verification of current notes on fiducial dances and 
other ceremonies. Despite accidents to the apparatus, the w ork was fairly success- 
ful, yielding about a dozen kinetoscoi)e ribbons in addition to about a hundreil 
excellent photographs maile by Mr. Phillips in connection with the motion pictures. 
The apparatus was kindly furnished in the interests of science by the Armat Aloving 
Picture Company, of AA'ashington. 
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Office Reheakch. 

WORK IN' SOMATOLOHY. 

During the later montli!^ of the year definite nteps were taken toward systematic 
record and investigation of the jihysical eharacteristic.s of the aborigines. A nucleii.s 
was already available in the form of an extendeil anthropometric record made by 
Dr. Franz Boas among the Sioiian Indians several years ago anil acquired by the 
Bureau in 1.H99; and it was decideil to jirepare the matter for early jiublication, jiartly 
as a record of tlie jihysical charaeteri.'itics of a typical group, partly as a moiU’l for 
future work. In order to enhance the value of the pulilication it was arranged to 
have I>r. Boas prepare an introduction treating of somatology in general tenns and 
to have Mr. De T.ancey (ifill, the illustrator of the Bureau, ]irepare suitable illustrative 
material from the photographic negatives preserved in the office. The memoir is 
well advanced, but was not quite completed at the close of the year. 

For some years jiast photography lias been employed in the Bureau in such a 
manner as to yield useful anthropometric data. Thus, in dealing with the wilder 
tribes, who would resistordinary physical measurements on fiducial or other grounds, 
the collaborators have made it a point to obtain group photographs with the iigures 
so placed as to jiermit measurement of stature and other physical elements in terms 
of a known unit figure introduced for the purpose; and, .similarly, visiting Indians 
photographed in the Bureau laboratory have usually been so placed with respect to 
backgroumls and other objects as to permit physical measurements of sufficient 
accuracy for practical purposes. During the past year special attention has been 
given to jdiotograjdiing individuals in exact jiortrait, jirofile, and full face, with the 
view of jiermitting the extension of measurement to the facial angle, form of cranium, 
anil other anthropometric elements. This was done not only in the otfice, but to 
some extent in the lield, especially by Dr. Frank Ku.ssell, who made a large number 
of jirofile and full-face photographs of Pima Indians, .\lthough the system is not 
yet jierfected. it gives proniist' of excellent results as the reasearches in somatology 
progress. 

Various collaborators of the Bureau have cidlected crania and other somatic 
material in connection with their field opierations. For some years the material was 
pre.served in the Uniteil States .\rmy Medical Museum, but it has now been trans- 
ferred to the I'nited Slates National Museum, where the current collections of the 
collaborators are now regularly sent. In the absence of specialists in somatology 
in the Bureau, portions of the somatic material have been jilaced during the last year 
or two in the hands of experts not connected with either Bureau or IMuseum, for 
siiecial inve.stigation; and it is a pleasure to acknowledge the service rendered to the 
Bureau in this way by Dr. George A. Donkey, of Field t'ldumbian Museum, and 
Dr. Ales Hrdlicka, of the American Museum of Natural History. .V provisional 
arrangement has been made for having such work done within the Bureau hereafter. 

WORK IX I'SVt IIOLOOV. 

For some years jiast the Director has given special attention to the mental charac- 
teristics of the aborigines; and during recent months he has formulated a working 
system of jisychology adapted to the needs of ethnologic students. In part, the 
results are (‘nibodied in a series of synthetic outlines of ethnologic scienct' designed 
for incorporation in sncce.ssive nqiorts and printed in .somewhat abbreviated prelim- 
inary form in a leading journal (the .Vmerican .Vnthmpologist ) for the jiurpose of 
eliciting suggestions from contemjiorary ethnologists in this and other countries. 
An abstract of the iirinciples iiinlerlying this .serie.s, designed for incorporation in 
the present report, was jirinted in December. 1901, under the title “ f'lassitication of 
the sciences.'' 

In addition to his duties as Kthuologi.st in t'harge, .Air. \V .1 Alct ice continued the 
application of the jnincqik’S ol psychology In the current researches. Two methods 
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of psyi'lioloj!;ii' iiKjuiry have l)een i-ueeessfully pursueil in tlie past. AVliile these are 
in some degree aiititlietie, they also measurably represent stages in the development 
of knowledge. The first method may be definerl as that of introspection ; the seci md 
as that of experiment. During the jjast decade the latter has attained great vc.igue, 
and departments of expierimental psycboh^y have been built up in several universi- 
ties and colleges. The two methods, more especially the latter, afford a foundation 
for a third method, which is alone available for the study of large groujis, such as 
races, nations, or entire peoples. It may l)e defined as the met boil of direct observation 
of normal interactions. In pursuing this method it is assumed, on the basis of experi- 
mental psychology, that physical acts are correlated with mental actions — in other 
words, that human thought and human action are interdependent. The recognition 
of this simple principle removes the need for a large part of the detail work involved 
in experimental psychology, for it permits the interpretation of mental characteristics 
of individuals and groups from their habitual or normal actions rather than from a 
repetition of special actions in a prearranged .series. For this rea.son it has not liith- 
erto been deemed neee.ssary to introduee psychometric work in connection with tlie 
ethnologic re.searches, the observations on Imliaii habits and artifacts seeming to afford 
a satisfactory index to and measure of the alioriginal mind. In its general aspect 
the jirinciple may lie said to have lieen estahlislu'd early in the history of the llnreau 
through observations on aetivital coineidenees, which luivc since been formulated 
in the comprehensive law of the Kesponsivity of iMind; so generalized, the prin- 
ciple may he regarded as the keynote of etlinh' science, tlie Rosetta stone whereby 
the characters of all races may be interpreted. The recognition of the princi- 
ple serves also to explain and establish the sequence of stages in human develop- 
ment inferred from oliservations on many jieojdes (i e., from savagery, through 
barbarism and civilization, up to enlightenment) , since it show> tliat each transition 
was the product of cumuluti\e experiences, long a.'^siinilatcd and applieil through 
commonplace habits rather than through abstract reflection — for in all the lower 
stages of lunnan jimgress the mind borrows from tlie hand. Customarily the stages 
of culture are iletined on the basis of social organization, but tliey may be defined 
nearly as conveniently in terms of psyehic development. So defined, primordial 
savagery is not merely the stage in which the law rests on maternal kinship, but that 
of instinctive imitation, in wliicli experience is perceptive rather than apperceptive, 
while knowledge increases through accident rather than de.sigii. Similarly, barba- 
rism is not only the stage of paternal kinship ami luitriarchy, but that of awakening 
apperception accompanied by distrust and dread of nature, in whicli knowledge is 
stimulated by notions of divination, with accompanying physical tests slowly assimi- 
lated in eonseious experience. In like manner eivilization is not simply the stage of 
law based on territorial right, but that ot habitual iliseovery, in wliieh new-found 
faets are eonseiously perceived and utilized. So, al.-o, enlightenment means more 
than mere reeognitioii of individual rights as the basis of law , for it is the stage of 
invention ami of the union of individuals for comjuest over nature tliruugh the exer- 
cise of definite prevision based on accumulated experience. Defined in a word, 
respectivelv, the four psychic stages are those of ill imitation, ( lM divination, (:!) 
discovery, ami (4) invention. Now. among tlie apidications of the prineiple of 
the interdependence of thought and action, none are more important than those 
pertaining to the developmental stages; for the leading problems of the world to-day 
are connected with the lifting of lower races and more primitise cultures to 
the planes of civilization and enlightenment. The speeial applications are innu- 
meralile, Imt tliey cluster about the general faets (1) that in primitive culture 
tlionglit is engendered by action, f^lthat in liiglier culture tliought leads action 
anil (o) that hence the must effective ways of raising lower peoples are those 
of manual rather than mental training. All systematic observations imlicate that 



46 


BEPORT OF THE SECRETARY. 


in the earlier stages the mental clings to the inaimal so closely that the i)rimitive 
artisan feels the implement as a part of himself and comnionly believes that a part 
of his personality goes out into both tool and product; thus his craft is a constant 
stimulus to mental activity and prepares him for further steps in the long way lead- 
ing from the plane of fettering instinct to that of free invention. When the savage 
or barbarian is so far educated that his hand intuitively moves knife or saw or plane 
by pushing outward instead of pulling inward, his mind is in the third quarter of 
the normal course of development; hut to this position he can be raised only by the 
oft-repeated example and simple precepd of rational training applied to lower races. 
The researches along these lines are not complete; some of the results were incor- 
porated in a brief paper on “Primitive numbers,” published in the Xineteenth 
Annual Report; and a preliminary account of certain results was issued during the 
year under the title “ (terme d’une Industrie de la Pierre en Amerique.” 

WORK I-V KSTHETOLOOY. 

Although Mr. Mooney remained in the field throughout the greater part of the 
year, his researches were such as to yield material for a prospective report on Indian 
heraldry. His investigations during several years pa.‘-t have shown that various 
Indian tribes possess heraldic systems analogous in many ways to those of medifeval 
Europe, and that such a system is especially developed in the Kiowa tribe; and his 
work during the year was carried forward in this and neighboring tribes. The ways 
in which the system is developed render the study extremely difficult. The principal 
heraldic devices are closely akin to totems, and are of two types, one pertaining to 
tipis and the other to shields. The tipis, with their devices, belong to families or 
clans in which they are hereditary. The shields, with their emblematic (or armorial) 
bearings, belong to typical aboriginal group.s or hr<.)therhoods, which arise in con- 
nection with the hearings themselve.s. rsually the devices are “ dreamed ” "by a 
shaman (or, as he conceives it, revcale<l to him in a vision), the dream indicating 
also the number of shields that it is ]>ermissihle to make with the particular hearing 
of the revelation. In due time the shields are made in accordance with the sha- 
man’s dream, and these are adopted by unattached warriors as special devices or 
crests until all are in use. Each shield usually bears two devices, one on an outer 
covering of skin jilaced over the shield proper, which may he regarded as a 
symbol of the bearing within, and the other or real device on the face of the shield 
beneath the cover. The latter is never revealed save in sacred ceremony and in 
battle, when it is displayed as a magical device for offense, as well as defense, against 
enemies. Each of the shields is eventually regarded by its bearer, or keefier, as the 
symbol of his special tutelary and a sort of receptacle for his personal spirit of 
warfare. It is jirized and kept sacred during his lifetime (the purpose of the 
cover being to jmgect the sacred device from sacrilegious gaze), and, unless sacrificed 
in his declining days on the death of a kinsman, is buried with his hfidy — he enters 
on the dark under-world path of his faith with his head pillowed on the device 
which mysteriously carried him safely through many <langers in all the days of his 
life. By rea.son of the habitual sacrifice of shields and the decline of aboriginal cus- 
toms, few now remain, though fortunately many others are preserved in memory 
and tradition. Moreover, the devices can he adeiuately studieil only with the aid 
of their respective keepers and bearers who can he induced to reveal the magic or 
“medicine,” of the devices, or — .'-till better — to reconstruct them in such manner a.s 
to permit the investigator to trace the interrelate<l meainngs of the various features 
as they are slowly wrought in accordance with archaic ritual. The family tipis have 
also become rare, though nearly every family ha.s surviving representatives acijuainted 
with the family crests and with the ritualistic and other modes of constructing both 
tipis and heraldic devices. Mr. :Mf>oney’s metluxl has been to employ survivors of 
both brotherhoods and families to recon.struct their shields and tipis, respectively. 
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with all the armorial bearingtJ of the olden time, the ohject.s to he preserved in the 
National ISIuseum after the study is finished. Naturally the task has been a tedious 
one; yet the progress has been satisfactory. The heraldic systems of the native 
tribes are of much interest in that they open the way to knowledge of various obscure 
customs of primitive peoples and also to vital stages in cultural progress. Thus, the 
devices represent a peculiar development of toteniism; they are chjsely related with 
the calendric systems found among the tribes of the plains; and through these they 
are akin to the glyphic systems employed in the aboriginal books and sculptures of 
Mexico and Central America. Moreover, since they represent the transition from 
prescriptorial to scriptorial culture, they are fouml to throw much light on the gene- 
sis of those European systems (jf heraldry whose origin is lost in the darkness of the 
prehistoric. Finally, the heraldry of those tribes in which it is test developed forms 
a nucleus for the esthetic activities generally; in them artistic shapement and color- 
ing find their highest expression; in connection with them the powers of imagina- 
tion and the inspiration of fiducial symbolism attain their highest perfection, and 
through them ritual and faith and the intensely dramatic ceremonial warfare were 
crystallize<l and kept alive. To the lowly aborigines they were more than the text 
and picture and drama of higher culture. The greater part of the material for a 
monograph on the subject was brought together during the year. 

Ethnologists have long realized that the widest gateway to aboriginal life is that 
afforded by games of chance; for primitive men, especially in that barbaric culture in 
which divination is the keynote of psychic character, are habitual gamesters, anrl not 
only devote much time to gaming, but play openly and with such infatuation as to afford 
constant opportunities to the student. The lowly games of the native .\ustralians. 
New Zealanders, and Polynesians have received much attention; those of Korea, 
Japan, and China, in which the barbaric element of divination is supplemented by 
skill, have been described by eminent authors; the games of the American aborig- 
ines have been studied not only by collaborators of the Bureau, but by other able 
ethnologists, notably Tylor; and the various studies afford a foundation for systematic 
research. The work was taken up incidentally by the late Frank Hamilton Cush- 
ing, with the collaboration of Dr. Stewart Culin, of Philadelphia, author of notable 
treatises on Korean and other games. The joint study was incom]ilete at the time 
of Mr. Cushing’s death; subsequently it was carrieil forward imlependently by Dr. 
Culin. During the year an arrangement was effected with Dr. Culin under which 
he has nearly completed a monograph on Amerind games for publication by the 
Bureau. In the i)rosecution of the wf)rk he ha-^ made several field trips, has exam- 
ined material in all the leading museums of the country, and has prepared numer- 
ous photcjgraphic and other illustrations. The results of the study are of much 
interest in that they illustrate a curious commingling of the fiducial and fortuitous in 
the notions of primitive gamesters. Actually the games are played as of chance 
rather than skill (though considerable skill is eventually developed) ; yet the play- 
ing is essentially devotional toward the mysterious p<dencies held to control the 
physical world and govern human affairs. Accorilingly the games played for pas- 
time run curiously into the most sacred ceremonies, and the clevices employed afford 
a fruitful revelation of primitive thought. By reason of the wealth of material, the 
monograi)h has become voluminous. It was not quite ready for delivery at the end 
of the year, but is promised for the first quarter of the current year. 

During the year Prof. W. II. Holmes, now of the Cnited States National Museum, 
completed the monograph on aboriginal pottery of Eastern Cnited States, of which 
he prepared the first draft wiiile an officer of the Bureau. .-Vlthough primarily tech- 
nologic, it forms an important addition to knowledge of ateriginal esthetics. As 
repeatedly noted in the ethnologic work, esthetic motives invariably arise in sym- 
bolism and develoji through a conventionisiii shaped by ancillary or adventi- 
tious conditions, including texture of materials, character <.if tools, etc., as well as 
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I'rowiii'; coin-fptuulity and power of imagination. Now, no line of estlietic develop- 
ment i.< more complete than that re 2 iresented in the decoration of fictile ware, and 
jhe author of this monograph, combining as he does thorough technical knowledge of 
the potter’s craft with high artistic skill and unique esthetic feeling, has been able to 
trace in masterly fashion and to illustrate effectively the growth of fictile decoration. 
As a faithful descrijjtKjn of aboriginal iiottery, the treatise will undoubteiily become 
a classic; yet it is no le.ss noteworthy as the mo.sf comju’ehensive contrihution thus 
far made to the history of one of the most inqiortant activities in those stages of 
culture in which the shaiiement and decoration of pottery have ranked high among 
the avocations of mankind. The monograph forms the body of the Twentieth 
Annual Report. 

During the year the series of grai)hic rei>reseiitations of personages in the Ilojfi 
pantheon collected hy Dr. Fewkes, as mentioned in jwevious reports, was sent to 
jjress as a jiart of the Twenty-first Annual, under the title '“Hojii Katcinas." Dr. 
Fewkes also conqileted the illustrated memoir on his unique collection.s of pottery 
and other material from Arizona and New ^Mexico noted in the last report. It is 
in press under the title "Two summers’ work in Pueblo ruins,’’ as a part of the 
Twenty-secimd Annual. 

WORK l\ rKClI.N’OI.OC.y. 

Primarily Profes.sor Holmes’s monograph on aboriginal jiottery of Eastern I nited 
States i.- a description of the fictile ware chcssifieil by districts, so far as luacticable 
by tribes, and also by technologic types. The art of the jiotter is old, far older than 
written history, so that its beginnings can never he traced directly. The antique 
and jirehistoric uares themselves yiehl a j)artial record of the clevelojanent of the 
art, and the arclneologists of the OM World have been able to supplement and 
extenil the written history of pottery making through study of sucli material, and 
their researches have lent interest to the ancient vessels and .sherds with which the 
museums of the world are enriched. Yet the fictile ware of Egypt and Babylonia, 
Etruria and India, and other Old World itrovinces falls far short of telling the 
whole story of the art, since it fails to reveal the actual motives and sentiments of 
the early artisans — the relics are husks of the history of pottery making without the 
vital kernel. Acc<irdingly the archa-ologie studies in America supplement the Euro- 
jiean researches in a highly useful way. In the first place, the jteriod of pottery 
making hy the American aborigines was comparatively short, .so that the prehistoric 
and the historic are closely related; and, in the second jilace, the several living tribes 
within reach of current observation represent various stages in the development of 
the art, so that opportunities exist in .Vmeriea for studying the motives and .senti- 
ments of the artisans engage<l in all of the earlier developmental stages of the art. 
In general, the craft of the potter may be said to arise in the social stage of .savagery 
or the psychic stage of imitation, with its tedious growth through accidental improve- 
ment; m general, too, the art maybe .said to exjiand and differentiate in the suc- 
ceeding barbaric stage w ith the attendant divinatory concei>ts as motives; an<l it is 
this stage, witli its jirotean forms, textures, decorative devices, and mcxles of man- 
nfacture, which has hei'ii found peculiarly inscrutable by students of the products 
alone. Now, it is precisely this stage which is represented by most ,,f the American 
aboriginal ware, both prehistoric and historic, and by the surviv mg tribes. Accord- 
ingly Professor Holmes's deseri])tion of the American ware, with his critical anaiv.si.s 
of tyjies ami int(*rpretation of motives, would seem to afford not merely a siqvple- 
nient to, hut a sound foundation for, the history of the potter's art. The mono- 
graph, which forms the body of the Twentieth .\nunal Uepoit, embraces faithful 
representations ot some l’.")0 tyi>ical sjH'cimens. 

( )f the twosjiecial investigations concerning aboriginal im lust lies undertaken during 
the year, that hy Dr. Fewkes in Porto Rii-o would seem to be of the more general 
interest. \\ hile his trip to the Antilles was designed as a reconnoissance of Porto 





Primitive Porto Rican Habitations. 
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Rico, Haiti, and the islands immediately adjacent, lie was prevented, partly by the 
volcanic disturbances of early Alay, from extending observations lieyond the first- 
named island; yet this failure of plan resulted beneficially rather than otherwise, 
since it enabled him to make a more definite ethnologic and archieologic survey of 
Porto Rico than was at fii-st contemplated. Among the surviving types of aboriginal 
handicraft to which he gave special attention were those connected with habitations. 
In all parts of the American hemisphere the prevailing house type is in some measure 
a composite, or bleml, of the indigenous and the importeil; and while in most dis- 
tricts the imported motives are so far predominant that the indigenous elements are 
hardly traceable, there are other districts, especially in tropical, subtropical, and arid 
regions, in which the aboriginal types are of such excellence that many elements 
have been retained with advantage by Caucasian settlers. This is especially true in 
tlm Antilles, where natural conditions of climate, water, and available material have 
led to light and inexpensive types of construction by which Euroiiean settlers have 
been glad to profit. The types are somewhat analogous to those which have been 
better developed in the Orient, esi)ecially in Japan, and which are frequently com- 
mended to the attention of occidental builders and householders. When it is remem- 
bered that the prevailing Anglcj-isaxon types are at once adapte<l t(j the rigorous 
climate of northwestern Europe and adaptations of materials developed in the north- 
ern temperate zone, it becomes evident that they are not well suited to our southern 
temperate zone, and esjjecially to our tropical and subtnjpical possessions. Then, 
when it is remembered that the indigenous types, e. g., of Porto Rico, are specifically 
adapted to the local climate ami adaptations of local materials, it would seem clear that 
architectural motives derived from them ought to be even more useful than any bor- 
roweil from Japan. These considerations have influenced the researches in Porto 
Rico, and they are in part the motive of the si)ecial report on Porto Rico prei)ared by 
Dr. Fewkes. Other motives have grown out of the native food sources which have 
been found useful by generations of European settlers, and out of those aboriginal 
modes of f<jod preparation which are of such excellence as still to survive. It would 
appear from the observations that several native foods are worthy of attention and 
cultivation by settlers from the rnite<l States, and that some of the indigenous modes 
of preparing food might well receive careful study with a view to maintaining the 
excellence of the preparations when more advanced moile.« of handling, milling, pre- 
serving, and transporting are introduc-ed. The <letailsof Dr. Fewkes’ s investigations 
are incorporated in a memoir designated for early imblication in the fijrm of a bul- 
letin. The industrial data are supplemente<l by bibliographic and other material, 
which will render the report a manual of I’orto Rican ethnology and arclucologv. 

The special investigation undertaken by Dr. Russell among the Pima Indians 
covered aboriginal industries developed in ami adapted to the and region. Here, 
as in Porto Rico, local types of habitation have resulted from the climatic and other 
local conditions. The primal hou.se type is a small circular structure of canes or 
reeds, roofed with earth, the whole supporteil by an inner framework of poles. This 
type is differentiated according to available materials, the grass house and the house 
of cactus (okatilla stems or saguaro ribs') being closely relateil derivative forms. It is 
differentiated also by arrangement of material, as n hen the canes or cactus staves 
are wattled with reeds or withes, and the house tends to become square in plan with 
vertical walls eventually bepla.stered by the washing of mud from thereof and by 
the throwing up of embankments as wind-breaks below. Under the imitative 
instinct of savagery the wattled walls are coated with a mortar of mud, which is 
magically “hardeneil” by the embedment of jiebbles and larger stones; and this 
may be deemed the seconilary type of aboriginal an-hitecture in southwestern United 
States and northern ^Mexico. From it develops under favorable conditions a third 
type — i. e., that of rubble masonry .“et in mortar of mud or even laid drv; but where 
building stone is lacking, the pebble-set wattle structure grows into a distinctive 
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architecture ef which the ])asis is the puddled wall, or pifn'*, called by Spanish settlers 
“cajon,” the fourth house type of the arid region. Aboriginally, the earth used in 
the structure -was doubtless tamped between wattled walls, at first permanent and 
afterwards temporary; certainly during later times the earth was built up in succes- 
sive ledges between movable screens of wattling so placed and braced as to form a 
temporary trough for each ledge. The cajon structure was durable, and was suscep- 
tible of development into communal houses of many rooms and several stories. As 
in the primal type, the roof remained of earth laid on shrubbery supported by a 
sheathing of canes or cactus staves and rafters of cedar poles; on one-story houses it 
was a 2 )lar'e of temporary resort for the occupants, and with the gradual evolution of 
]>arapets and the growth of these into higher stories the roofs became nj^per floors. 
Sul)se( 2 uently (probably after tlie Caucasian invasion) earthen bricks laid in mud 
mortar were substituted, and this type of construction, known as adobe, was generally 
adojited; and in the better buildings, both of cajon and adobe, the walls were coated 
with a thin plaster or slij) fixed by some form of soda or other earthy salt. Mow, the 
aboriginal cajon house tyj)c is admirably adajded to the 2 )resent needs of the arid 
legion and is well wrirthy of consideration by Caucasian settlers. Projierly con- 
structed, cajon walls are much sujierior to adobe in homogeneity and strength, though 
somewhat more exjiensive in lalxir. Their durability is sufficiently attested by Casa 
(irande in the (4ila Aalley, which wa.s a ruin of immemorial antiquity when discov- 
ered by I’adre Kino in 1694, and which is still standing despite vandalism as well as 
natural weathering. (Moreover, the cajon is readily susceptible of improvement by 
the addition of lime or cement to the material in any desired quantity and by substi- 
tuting a plaster of lime or cement for the simple slip. So imjiroved, the native con- 
struction woulil seem 1 letter adapteil to the conditions and requirements of hahita- 
tion.s in tli ■ arid region than any imjiorted nimlels. The cost would he only that of 
the lime and tlie handling of materials, while wood, burned brick, and even stone 
are higlily expensive. The tliick walls would effectively eijuali/.e interior temper- 
afiircs dc,']iite the enormous diurnal range, which is tlic most serious obstacle to 
ivdileiicc in arid districts; and the general massiveness would lend itself to distinc- 
ti\ o and desirable arcliitecturai effects. T>r. Bussell’s researches extended also to the, 
lighter and linin' cumjiosite tyi>cs of construction surviving among the I’inui and 
neighiiuring Indians, as well as to the attendant indastries ami foo<l sources. Amou" 
tlie latter the fruit of the cactus figures prominently, not only m modern custom.s 
liut in tradition and ceremonies, attesting the still more important place which the 
fruit and its products occuiiied in the Ii\es of past generations. Dr. Bussell’s mate- 
rial has been so divided as to yield a sjiecial memoir on technologv, designed for 
early jiublication in bulletin form, and a genera! monograjih on the social organiza- 
tion, mythology, and esthetology of the Pima tribe and on tlie antiquities of their 
habitat. 

During tlie year Dr. Alliert E. Jenks revbtsl the jiroofs of Ids memoir on "Wild 
rice gatherers of the uiqier lakes,” forming part of the Mineteeiitli .\niiual Beiiort. 
This trcati.se is deemed esiieeially valuable in that it calls attention to a widespread 
food .souri'c largely used by tlie aborigines anil giving jiromiseof great ntilitv to our 


citizens whenexer tlie reipiisite attention is given to cultivation, milling, and jire]ia- 
ration. In food value tlie wild rice ranks high among cereals, and its natural 
habitat is such that by its means otherwise useless swamp lands may he utilized and 


reclaimed, while it can not he doubted that with judicious cultivation it mii'ht be 
ada{)ted to aii ever-widening range of soil conditions. Later in the year Dr. Jenks 
resumed his researches concerning the hirch-hark industries of ' our northern 
aborigines. As noted in the last reiiort, one aspect of the industries clustering about 
the birch tree is of prime significance to ethnologists in tliat the birch-hark canoe 
was the most effective agency of distribution of trifics and culture during early times- 
yet it iswell wordi noting that the interest b a living one, since tlie 1. ark canoe 
remains a most effective tie vice for transportation among white men as well as red. 
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Indeeil, its use by wliite tourists, flsberinen, hunters, etc., is apparently increasing in 
uurtheni Unite<l States ami Canada. Various other hirch-liark artifacts are in use 
among whites a.s well as natives. The half conventional, half symbolic niakok, or 
maple-sugar box, proves to form a convenient household utensil; birch-bark baskets 
of different forms are found useful a.s well as artistic; and on the whole it would 
appear that the birch-bark industry is not only increasing in <'onsequence of demands 
by whites, but that it serves as a helpful stepping-stone from the pmmitive customs 
of the Indian toward the free and self-supporting citizenship which is the Indian’s 
ultimate goal. Exigencies connected with the editorial work of the ottice compelled 
Dr. Jenks to divert a part fif his time from the research. -Vccordingly, the work was 
not (piite completed at the end of the fiscal year, when Dr. Jenk.s was, at the request 
of the Director of the I’hilippine Bureau ipf Xonchristian Tribes, furloughed for a 
year, with a view to the more effective iutroiluctioii of the methods of the Bureau of 
American Etlmology in the riiilipipine n‘.se;u'ches. 

For several years fMr. J. D. Mcfiiiire has been eugageil in investigating eertain 
lines of alxiriginal technology, and certain <pf hb resnlt.s have been piiblisheil in the 
rejxirts of the Ihiited States ^National ^tusemii. I)i;rhig the last fi.scal year he began, 
at the instance of tlie Directi>r, a critical study of the earliest records of aboriginal 
technology made hy the Comiuistailorcs, mi-sionaries, ami other pioneers. During 
the year just closed he continueil the work ami has made a .-eries of extracts from 
the recorils which have proved of great use to the Director and the collaborators 
engaged in fiehl researches. The extracts are arrangeil on cards, ami certain install- 
ments of these have been acquired for the use of the Bureau. 

Work i.\ .sop iomh. v. 

Tlirouglipjut lupistppf tlie u'ar the tinip' p'f thp‘ Kthiipilpigist in Charge has been .so 
fully ppp'eupiepl with aplmiiiistrativp- wpprk, lai'gp'ly rp-lating tp) piihlicatippii of the rpqppprts, 
as tp> spimewhat plelay his spip-iolppgic impiiries; ypd fair pi-ppgri'ss has been nunle. < Ine P)f 
the special iiupiirip'S P)f the year ivlatp-s tp» what may hp' p^uIUmI, by cxtp'iisioii p)f p-puuiiippu 
terms, abppriginal land tenure, tliis iuvp’sfigatipui being remU'repl tiniply by puirreiit 
prppgress in the allotment of lauds in severalty to fpprnip-r trihesineii, as well as by recent 
oeeupauey pif territory formerly inhabitepl hy native tribes in Alaska, Hawaii, aupl the 
Philippines. The researches imlicate that primitive peptiiles have mp conception pif 
laiipl tenure in the sense in which the terms are emp|p>yed hy eivilizeil ami enlightened 
peoples. In the first iplace, there is iip> recp.pgnitipjn of indivi'lual title to lands or 
other natural values, fppr any sup’h values are regarplepl as pertaining to the elan, the 
gens, or the tribe, i. e., posse.ssion is cmmmunal ratlierthaii inpiivipUial. Inthe .second 
place, the property sense is esjpcp-ially iiichp>ate as ajipliepl tpp lands, wliip-h are viewed 
as natural ranges for men ami animal.s, i. i*.. for hpp-al trila'S aii'l local fauna; anpl 
there is npp recognition ppf ppwnership ppv title iniiiiip-al tp) tin- natural ami cp^ordinate 
rights pif other men ami beasts. True, tlawp’ is aiiiping imist tribes a vague sense of 
prescriptive right to long ocp-u[iiepl territpiry, i. pc, to the lipime of the ancients wlio 
play sp) prpimiiient a rpjlc in primitive jibihispiphy, sp> that p-ppumionly a tribe fi-els it a 
right ami a filial pluty to protect tlie Immp* range agaiust ppTuuuieut invasion by aliens; 
yet the vague right so rcp'Pignizepl sp'arp-pdy applies tpp the land per se, lint only to the 
rights Ilf the cha.se, fisheries, fruits, and any cultivated pmilui'ts, personal habita- 
tions, quarries or clay pits, etp'., i. e., to what may be calli-il the u-nfruct of the soil. 
In other worils, the attitmle of the savage or barbarian toxMiril property in land is 
much like that of American citizens iluring the last i-entury towaril property in water, 
i. e., in the rains, rivers, lakes, seas, artesian water, orilinary ground water, et al., 
during rei'ent ilecades the idea of jiroperty in water has grown up in the less humiil 
districts ami is rapidly cxtPMiiliug, yet the ilcvclopment of tin- l■o^cept is slow, even 
in the minds of the most intelligent iieojile. Berhajisa closer parallel may be found 
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in air as viewed Ijy enlightened i>ei>i)le.'!, for the air is regarded as essentially com- 
mon to all living and breathing things, and its use as an inherent right far tran- 
scending conventional titles to personal or communal property. There are, indeed, 
certain germs f>f communal jnojierty risiht in air, manifested in the occasional actions 
of neigh borho(.)ds looking to theahatement of certain nuisances, yet the claims put forth 
in such actions relate rather to the free and eoinmon use — or to usufruct — of the air 
than to its possession a.s property, so that our attitude t(_)ward air i,s closely analogous 
to that of ])rimitive folk toward land. The results of the inquiries find ready appli- 
cation in connet-tion with various piihlie rjuestions. One of the conclusions is that 
primitive folk can not he at once tramsferred from the plane of eolleetive interest in 
the usufruct of the soil to that of individual lainl tenure, any more than the farmer 
of the Atlantic seaboard could be brought in a day to full understanding of irrigation 
water rights, with all the complications of dams, sluices, main ditclies, gates, etc. — 
indeed, the education of the citizen farmers who have gone IVest and grown up with 
irrigation was much more rapid than could be expected of the slower-minded tribes- 
men. Accordingly, it would clearly l>e a mistake to transfer triltesmen directly from 
the range to the severalty holding; there should be (as indeed experience ha.s 
shown in dealing with the Indian.s ) an intermediate ]ierio<l of jtroprietarv training 
on collective reservations. The researches indicate that this period should cover at 
least a generation ; in most cases two generations wouhl be required for the devel- 
opment (jf that sentiment of thrift and feeling of independence required for success- 
ful citizenship. Some of the results of the year's work have been made jiublic in 
scientific jiajiers and addre.sses, and progres.s has been made in arranging the material 
for formal issue in reports. 

In connection with his linguistic researches in British Cohimbia, Pr. John R. 
Swanton collected <lelinite information concerning the kinship terms and other fac- 
tors in the social (jrganization of the Haiila Imlians, and toward the close of the year 
he made progress in arranging the data for publication. 

WORK IS PHIUILOGY, 

During the earlier part of the fiscal year the Director continued the arrangement 
of Mexican and Central Auier'ican linguistic material with a view to the classification 
of tile aborigines of tlie .southern iioi'thm of Xorth America on a linguistic hasi-. As 
during the preceding year. Dr. Cyrus Thomas eolliiborated in the work. Tlie com- 
pletion of the task was delai-ed by the illness of the Director during the later 
months of the year. 

.Vt the opening of the year Prof. Franz Jloa-i, of Columbia I’niver.dtv, was given 
an honorary appointment a.-" jiliilologist, ami was intruded with tin- supervision of 
a considerable part of the linguistic re.-earches in wliich tlie Bureau is engao-ed. 
One of the oliiccts of the appointment was that of obtaining a uniform series 
of outlines of Indian languages to lie pnhiished in s\ iioptic form for use in 
comparative studies by the philologists of the world. The work reipiires e.xten- 
sive preparation because of the wide range and considerable volnme of the mate- 
rial both in hand and reijuireil. At the time of di-coverv there were iii Xortli 
America somewhere between one and two thousand tribal dialect.s or lamma<'es 
belonging to about a Imndred linguistic stocks or families, .so that tbe^sciiiie 
of the work is so broad that it may not be accompfi-lied except by the cooper- 
ation of many specialists devoted to particular groups of languages, ruder exist- 
ing eonditions it seems inexpedient to atteinjit coloring the ground tiirough the 
Bureau alone; and the plan of the work intrusted to Dr. Boas is to enlTst the 
cooperation of other institutions and other lingnisii,- specialists. During the past 
year the work was organized in coojieration w itii thi‘ .Vmerican (Museum of Xatural 
History, Columbia University, Harvard Unhorsity, and the University of ( 'alifornia. 
The collaborators included Dr. John R. Swanton, of the Bureau; Mr, H. H St 
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Clair, 2d, of the American Museum; Mr. 'William Joiie.s, on hehalf of Columhia 
University; Dr. Roland B. Dixon, of Harvard, and Dr. A. L. Kroeber, under the 
auspices of the University of California. Dr. Swanton’s work comprised the tran- 
scription of a voluminous series of Haida texts; he also completed a synopsis of 
the Haida language for incorj)oration in the general series. Air. St. Clair devoted a 
part of the year to work on a dictionary and grammar of the Chinook language, 
and in addition made a critical study of Shoshone linguistic material in the archives 
of the Bureau and of the American Aluseinn. Mr. Jones made good progress in 
analyzing the grammar of the Sauk and Mnskwaki <\ialects, nearly completing a list 
of suffixes and luelixes; he also made good progress in arranging for publication a 
series of Aluskwaki texts c<illected during the preceding fiscal year. Dr. Dixon 
prepareil a grammar aial vocabulary of the AIai<lu language, while Dr. Kroelter 
collecteil and arranged both lexic and graniniatic material representiitg several 
other California tribes. Partly through the iTispinition of hearty approval from 
scientists and scholars both at home and abroad, Dr. Boas and his collaborators 
have taken up the work with zeal and enthusiasm. Dr. Boas observes; “Linguistic 
work in many j)arts of i\urth America is exceedingly urgent on account of the 
rapi'l disappearance of the native languages, ami the means at our disposal for this 
work are insufficient;"’ yet it is a gratilii-ation to report that the interest of the 
collaborators who have worked gratuitously or for only nomiital compensation has 
resulted in a large volume of invaluable material at trifling cost to the Bureau. It 
is a pleasure to acknowledge the generous contributions of Dr. Boas and the other 
collaborators named. 

During the year Dr. Boas eoinpteteil the proof revision of ills memoir entitled 
“ Kathlaniet Texts,” and it has been jaiblished as a bulletin. He al.io completed 
the iiianascript for a similar memoir entitleil “Tsimshian Text,” anil it was trans- 
mitted for publication on January 2t), 1902. 

Dr. Albert S. Gatschet carried forward to suh.stantial completion his vocabulary 
and grammar of the Peoria language, and also continued the arrangement of material 
for the comparative Algoiuiuian vocabulary. In addition he devoted some time to 
special re.searches required for answering some of the numerous requests for informa- 
tion concerning Indian terms and phrases constantly received from correspondents. 

Air. J. y. B. Hewitt devoted the greater part of the year to his monograph on 
Iroquois Creation Alyths, mentioned in [irevious reports; three of the live sections 
were sent to press during the year as a part of the Twenty-first .Vnnual Report. 
Toward the close of the year he took up the general discussion of principles noted 
in another paragraph; and as apart of the current work, he continued the extrac- 
tion and arrangement of Iroquoian linguistic material in a form suitable for refer- 
ence and eventually for publication. Throughout the year a considerable part of 
Air. Hewitt’s time was occupied in the researches required fur answering technical 
inquiries from correspondents — a duty which seems unavoidable, although its per- 
formance retards ]irogressiu systematic researches. 

Aliss Je.ssie E. Thomas continued the transcription of the manuscript Diccionario 
de Alotul, while Sehor Andomaro Alolina, of Merida, Yucatan, made good progress 
in tlve translation of the Alaya and Hpani.sh terms into English, with a view to the 
issue of this extensive vocabulary in a form appropriate to the publications of the 
Bureau. In view of the prospective value of this work to future students, it would 
.seem important that tlu‘ final translation should lie based on thorough and critical 
knowledge of the Alaya, Spanish, and English languages; and in view of this desira- 
bility, in connection with the fact that Sefior Alolina is a volunteer collaliorator resi- 
dent in another country, it is deemed proiicr to insert the following voluntary 
expression from the United States consul at Brogrcso, Yucatan, Hon. Edward H. 
Thompson, himself a critical student of the antiquitie'-, hi.story, and languages 
of Yucatan: “To my mind, in the work of Lie. .Vudomaro Molina, the Bureau 
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has done the best -work of the year and has done it in tlie l)est possible way. It 
has arranged to give to light ami study a niueh-iieeded work, and it has jait it in 
the very hands best fitted to do it. I am, j)erhaps, competent to sjieak upon tliis 
subject, and I am willing to jdace on record my belief that no living man can do this 
work intrusted to him so well as Mr. Molina. The work that he is doing can not 
be done by a foreigner. I am, jjerhaps, as well informed upon the native Maya, 
their habits, cu.'^toms, etc., as any living foreigner, and, it may l)e, better than any 
other. I know enough to know that I could not do the work as it should be done. 
This task should only be undertaken by one who has been brought up on milk from 
a native breast, whose first words were in Maya, and whose thoughts come easier to 
him when clothed in the iMaya form than when in classic Castillian or downright 
Anglo-Saxon. Such a man is Molina. To the instincts and the education of a 
scholar he adds the subtile undenstanding of the native and. as perfect command of 
the ancient language, the Maya, as any man can have at this day.” 

The final proofs of the Xatick Dictionary, coinpiletl by the late James Hammond 
Trumbull, were revised <luring the >ear, and the greater part of the sheets have 
been printed. 

In addition to his work on the ^Mexican and Central American linguistic records, 
in immediate collaboration with the Director, Dr. Cyrus Thomas continued his inves- 
tigation of aboriginal records in the form of codices, sculptures, etc. His work was 
proiluctive, yielding among other results a memoir eittitled Quirigua Calendar Sys- 
tems, which was sent to pivss a.s a part of tlie Twenty-second .fnnual Report. 

Progre.ss was made also in preparing for the pre.ss the translations made by Mr. 
Charles P. Bowditch of certain scattered yet noteworthy contributions to knowledge 
concerning the calendric and other records rif iMexii-o and Central America, and it is 
a pleasure to acknowledge the generosity of the tran.slator in contributing the mate- 
rial and furthering the work of its preparation in every practicable way. Toward 
tlie end of the fiscal year iMr. Ell.iert J. Benton was temporarily employed to edit the 
material and arrange the illustration^ for jnihlication in the Twenty-fourth Annual 
Report; this work ^las well aiUanced at the close of tlie year. 

WORK IX .SOPIIIOLOOY. 


About the end of May Miss Alice C. Fletcher completed her monograph on the 
Pawnee Indians under the title ” Ilako: .b Pawnee Cereiiiuny." In many respects a 
tyiiical tribe of the plains, the Pawnee Indians were in .'-ome points the most remark- 
ably developed of the jirairic tribes. Like other vigorous aboriginal groujis, they 
were comjiosite; an important con.-tituent (later known as the Skidi baud) wa.s from 
the wooded hills and broad hottoni lands of the Arkansas ( ountrv, where thev or 
their ancestry developed a woodland culture, aud douhtle.ss jicrlormcd a share iu the 
erection of the imposing niotmds of the l.owcr Mississippi region; other trilial con- 
stituents rejiresented prairie ]iro\ince.s; and there arc strong suggestions in tlie 
rich trilial mytliology that at lea.st a cultural constituent «as ah.sorhed from the 
highly religious sedentary peoples of the Southwestern jmehlos. Then the com- 
posite tribe lived long (as attested by tlieir traditioiLs as well as tlieir cu.stoms) in the 
prairie region, wliich they sliared w itii the buffalo; and, in even greater degree than 
the Siouan tribes fartlier northward, they adjusted tlicm.selvcs to tliis natural 
spoil — .so that the buffalo became the furnisher of their food, the source of their 
raiment, the giver of material for their hahitations, the guide of tlieir migra- 
tions, tlie goal of their handicraft and lumtiiig tactics, and, finally, one of the fore- 
most among tlieir deified tutelarie.s. Accordingly the fiducial ceremonies of the 
tribe comiiiiie the inten.sitv of local vciuTatioii for a few leading tutelaries with a 
wealth of imagery and ritual derued from otlier districts and ja-oples, and all 
vivified by tlie common union and interaction. During earlier davs tlie rituals were 
so far esoteric as generally to csi-ajic tlic notice of ethnologists as well as casual visit- 
ors; hut during recent icai-s a few Miss FIctclier, have lieen per- 
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initteil to enter the arcana and witness the sacretl ceremonies, an<l even to examine 
and obtain interpretations of the magic “bundles” which serve as the tangible basis 
of the rituals. All of these rituals are impressive; some, like the Hako, are of 
remarkable richness, not only in gesture and mea-sured movement, but in the poetic 
imagery expressed in word and music and pantomime. Miss Fletcher’s record 
appears to be perfect, and she has analyzeil with acumen the rhythm and melody 
of the chants, the symbolic harnmny of the accompanying pantomime, and the 
meaning expressed in the intricate ligures of the dam'e and movements of the march 
forming essential features of the ceremony. From Miss Fletcher’s rendition and 
interpretations it would seem that these elaborate rituals open a vista looking directly 
on the beginnings of song, dance, drama, poe.«y — certaiidy they are a revelation to 
students of the highest phases of human <-ultnre as well as to the investigator of 
primitive customs. The memoir is in |>ress as a part of the Twenty-second Annual 
Report. 

In connection with his comparative study of Indian creation myths. Air. Hewitt 
has been led to analyze certain fundamental features of primitive philosophy, e.'pe- 
cially those forming the basis of totemisin, shamanism, etc. It is well known that in 
the different Indian languages there are terms difficult of translation into moiiern 
tongues which are of deep meaning to their users, e. g., manidu, or inunitini, amt)ng 
the Algonquian tribes, irnlMii, or truhtnda, among the J^inuan tribes — terms covering 
a larger proportion and wider variety of the thought of primitive men than any 
single term covers in higher culture. Among the Iroquoian Indiains the corresp(jnd- 
ing term is oreitda, which may be translated “ mysterious power for good and evil,” 
“powers of magic," or, more briefly, “magic potency.” Mr. Hewitt’s analysis was 
announced in a preliminary pa[)er, and has already proved serviceable to ethm il<3gists 
in this and other countries; and it seems jirobable that the Iroquois term will come 
into general use in the English language for purposes of sc.iphii dogir' discussic m. The 
complete study is designed for publication in the second ])art of “Iroquois Creation 
Myths,’’ which was nearly ready for the press at the end of the year. 

For a number of years Airs. Alatilda Coxe Stevenson has been investigating the 
myths and ceremonies of the Zufd Indians, the progress of the work being retarded 
by her ill health, as noted in previous rejairts. During the earlier months of the 
fiscal year Airs. Stevenson was on temporary furlough, ami the state of her health so 
improved as to permit her to take up the work again. .Accordingly she was able to 
finish the revision of several incomplete chajiters and to arrange the material for the 
entire monograph in form for imblicatiou. The nature and extent of the work ha\e 
been reported repeatedly; it may be noted merely that Airs. Stevenson’s ambition 
has been to make a model record of the elaborate ceremonies of one of the most 
interesting of the Pueblo tribes, and that it is a source of much gratification to 
announce the satisfactory completion of the work. 

Although their researches were devoteil primarily to other Indian activities, sev- 
eral of the collaborators have made noteworthy collections of sociologic material 
during the year, the work of Dr. Fewkes on Porto Rican zemis and zemeism, that of 
Air. Alooney on the fiducial factors in Kiowa heraldy, that of Di-. Russell on the calen- 
dric sy.stems and accompanying l)eliefs of the Pima Indians, that of Dr. .lenks on the 
mythology of birch hark, and that of Dr. Swanton on the luythologic features of 
social organization among the Haida Indians being esiwcially worthy of mention. 

nESCKIlWlVE ETIIXOLOOV. 

Ill connection with his field work, Air. Alooney was able to make some progress in 
the preparation of the Cyclopedia of Native Tribes; and when other duties per- 
mitteil. Dr. Thomas continued the collection of material for this work, both from 
current publications and from the la'c books constantly being added to the library. 

About the middle of the year the llilder translation of the manuscript history of 
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Texas by Padre ^lorli was taken up for annotation with a view to publication. The 
historical annotation was kindly undertaken by T)r. George P. Garrison, of the Uni- 
versity of Texas, ami the manuscript was in his hands at the close of the year. 

COLLECTIONS. 

All of the collaborators engaged in field operations made more or less extensive 
collections for stmly and for ultimate transfer to the United States National Museum. 
By far the most extensive of these collections was that made by Mr. IMoonev as a 
means for the research in heraldry. This collection still remains in the held. Dr. 
Russell collected a full series of objects representing the arts and inilustries of the 
Pima Indians, including a series of baskets representing the more archaic as well as 
the mo<lein forms; among the uniiiue objects lomjirised in the collection are two 
calendric records intermediate in character between the winter counts of tlie North 
and the maguey-book records of the South. Dr. Fewkes made considerable collec- 
tions in New Mexico and Chihauhua early in the year, and subsequently obtained 
an interesting series of aboriginal objects in Porto Rico. As usual, various collec- 
tions were obtained also by purchase under the more immediate direction i.jf the 
Secretary. 

PROPRRTV. 


The property of the Bureau comprises ill ottice furniture and apiiaratus, (2) 
ethnologic manuscript.s and other (.iriginal reconls, (3) jihotographs an<l drawings 
of Indian subjects, (4) collections held temporarily by collaborators for use in 
research, (o) a working library, and (6) undistributed residues of the editions of 
the Bureau publications. There was little change in the amount or value <.if office 
property during the year. Purchases of office furniture were inconsiderable; several 
manuscriiits were ac<iuired by purchase, mostly for immediate jiublication, as noted 
in previous paragraphs, while the records of original work ))rrigressed steadily; about 
855 negative.s (gla.ss and film), 2,050 prints, and a number of drawings were added to 
the collection of illustrative material, and an approximately proportionate ijuantity 
of illustrative material was used in the reports. Most of the collections of the vear 
have gone directly to the United States National Museum: some, like those of Mr. 


Mooney, are still in use. The lilirary ha.s maintained a .steady growth, chieflv 
through exchanges, jiartly by the i)urchase of current ethnologu- books and early 
records jiertaining to the aborigines. The adilitions of the year conipri.se about 895 
books and MO ])amphlets, raising the contents: of the library to ll,.3;-!9 books and 
2,500 pamjihlets. The number of back reports was re<luced through the constantlv 
increasing public demands for ethnologic literature; nearly all of these documents 
are now out of iirint. During the first half of the fiscal year Mr. J, Julius Lund con- 
tinued in charge <if the iToperty as ^•ustodian; after Jlr. Lund’s resignation 5[r. 
Frank M. Barnett was aiipointeil to this |M>sition. 51iss Je.ssie K. Thomas remains 


in immediate charge of the library and iMiss Ella Leary of the 


ilistribution of 


documents. 


prin.icvnoNs. 


At the beginning of the year 5Ir, Herbert .s Wood had charg(‘ of the editori.al 
work; subsecpiently he was furloughed for several months, when Dr. Albert E. .Tenks 
as.sumed editorial duties in eonnection with his reseairhes; in June Air Wood 
resumed his editorial caiiacity, and towanl the eml of Alay Air. Elbert J. Benton was 
temp,,rarily ad.led to the eorps as editorial assistant. Th'e second part <,f the I’iehV 
eenth Report was delivered from the bin.l.Ty on .lanuarv 7, :n„l was innne.liatelv 
distribute,!; Bulletin 20 was ,leliver.-,l o„ Alar.-h 11, ami, after brief hoi, lino in the 
Impe tl at the Nmetemith Rei.ort might be distribute.1 at thesam,. tin,,., was sent out 
to the ex.-hanges about the en,l of the year; separat,- of th.- papers comp,ising 
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the Nineteenth Report were delivered in March, but the binding of the volumes was 
delayed by reason of unusual conditions in the Printing Office, and the edition was 
not delivered at the end of the year. On January 29 the Twentieth Anniial Report 
was transmitted. It is designed for puhlication in one volume, and comprises, in 
addition to the formal report, the Holmes monograph on aboriginal pottery. The 
Twenty-first Annual Report was transmitted for printing on March 12. It, also, is 
designed to form one volume, comprising, in a<ldition to the formal report, the 
memoirs on Hopi Katcinas, by Dr. Fewkes, and Iroquois Creation Myths, by Mr. 
Hewitt. On June 30 the Twenty-second Annual Report was transmitted for pub- 
lication in two volumes. It comprises, in addition to the administrative report, Two 
Summers’ IVork in Pueblo Ruins, by Dr. Fewkes, Quirigua Calendar Systems, by 
Dr. Thomas, and Hako: A Pawnee Ceremony, by Miss Fletcher. On January 29 Dr. 
Boas’s memoir entitled Tsimshiaii Texts was transmitted for jmblication in bulletin 
form. At the close of the year material wa.s in hand for the Twenty-third Report 
and for the greater part of the Twenty-fourth. 

Mr. De Lancey Gill remained in charge of the illustrative work, preparing copy 
for, and revising proofs of, the illustrations for the Twentieth and later reports. He 
akso made jffiotoportraits of some 200 Indians, chiefly mend )ers of delegations visiting 
Washington, and developed a considerable number of negatives made by the several 
collaborators in the field, and, in addition, he made a useful series of field photo- 
graphs in connection with the work of Profes.sor Holmes in Indian Territory, as 
noted elsewffiere. As heretofore, he was assiste<l by iMr. Henry Walther. 

I have the honor to be, yours with respect, 

W J ilcGEK, Actiiiij Director. 

Hon. S. P. Langley, 

Secretnry, Sinillisoniun Dirtitiition, WushiiujUin, D, C. 
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REPORT OX THP] OPERATIONS OF THE IXTERXATICXAE EXCHANGE 

SERVICE. 


Sir: I have the honor to submit tlie following report of the operations of the 
International Exchange Service during the year ending June 30, 1902: 

The work pertaining ti.) exchanges is confined to the southeast basement of the 
Smithsonian building. The rooms, five in number, extend along the south front for 
a distance of 14-1 feet, and in the main were esjiecially constructed nine years ago for 
the exclusive use of the E.vchange .'service. Considerable space has since been added, 
making the shipping room much larger, and various improvements have been intro- 
duceil to facilitate the handling of packages. 

The equipment of the Exchange offices is esiiecially adapted to the peculiarities of 
the work, and consist.s, in addition to the necessary desk.s and their usual accessories, 
of several sorting tables tVir foWing and arranging parcels, a large number of bin- (each 
of which is used as the receptacle of all parcels for a single country until a sufficient 
quantity shall have accumulated to make a minimum shipment) , cases for reference 
books and directories, filing cases for ledger cards (upon which are recorded accounts 
of all exchanges with each correspondent), and cabinets for tiling receijit and index 
cards and for general correspondence, other articles of office furniture are type- 
writers, scales, trucks, etc. 

It is pertinent to state that mo.st <jf the articles of office furniture and fixture.' have 
been purcha.'ed from Smithsonian funds, the f'ongres.«ional aj)projiriations having 
been sufficient only for the i>aymeut of most of the salaries, a part of the transporta- 
tion expenses, and the })urchase of expendable supplies for packing and office use. 

Since the last report of the Flxchange Service, there have been no extensive addi- 
tions to the general ecjuipment of the Exchange offices except the con.struction of an 
hydraulic elevator for raising anil lowering exchanges to and from the loading plat- 
form, and the placing of a scale with a weighing capacity of 2, -WO pounds near the 
elevator shaft. The exjiensc* incurred by Imth these improvements was borne bv the 
Institution. 


During the last fiscal year there has been no loss of exchanges transmitted to the 
Institution from abroad, so far as known, and but one instance in which outcoino 
exchanges have been lost or even damaged. The latter occurred Februarv 1 1902 
when three boxes of exchanges for corrcsiioudcuts in .Somh .\ustralia werccntirclv 


destroyed by water while a lire was being extinguished in the hold of the steamship 
Ihurania, which was loading at I’.rooklyu, X. Y. Each contributor was notilied of 
the loss, as is the custom of the Institution in such cases, with the result that most 
of the publications were duplicated. 


The work performed by the Exchange Service during the vear and the extent to 
which the intluencc of the service is felt throughout the cisdized worlil is shown in 
its viii'ioiis l\*utnn‘s liy tlu* 
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During the year 38,847 packages were received from abroad for distribution, and 
87,149 packages of domestic jiublications were gent to correspondents outside tlie 
United States, making a total of 125,796. The aggregate weight of these exchanges 
was 396,418 pounds, or an average of little over 3 pounds per package. It will thus 
be seen, by comparison with the last report, that while the total weight iif the 
. exchanges received and transinitte<l iluring the year 19(X)-1901 exceeded those of the 
! year following by 17,859 pounds, the number of packages handled <luring the latter 

> year exceeded those of the preceding year by 4,736. 

■ The nuniberof packages received from abroad forUnited States iTovernment estab- 

lishments aggregated 11,290, while those sent under authority of Congress and by 
I United States Government departments and bureaus numbered 52,871. Eliminating 



Flu. 1 .— Chart ropre<™tiiin the increase of exchanpre transmissions in tons of r.OOtl ponncls, from IS-sO 
1*1 1002. (livnle*! into periods of five years. 


all tramsmissions in behalf of the Uniteil States (iovernment, the scientitic, publica- 
tions forwarded or received by societies and individuals aggregated 34,278 outgoing 
and 27,357 incoming. 

The several classes and the nuudaer of packages in each clas.s, together with the 
percentage which each subdivision bears to tin* whole, are as follows: 


United States Government exchanges, 51 ))ereent; 

Sent to designated depositories abroail under the act of 5Iarch 

2, 18f>7 - - - 25,358 

Sent bv Uniteil States ( Iovernment edablishments 27,513 

Received from abroad for the Library of Congress 5,946 

Received for all other United States Government institutions... 5, :>44 


64, 161 
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Scientific and miscellaneous exchanges, 49 per cent: 

Sent abroad 34,278 

Reeeiveil from abroad _ 27, 357 

61, 635 


Total 125,796 

It is not possible to give tlie actual weights of each class of exchanges, hut it is 
estimated that in the aggregate the publications sent and received for the various 



Exchanges shipped abroad. 
Exchanges received from abroad 


Fig. G.-Chart n prcfentiiur the increase of e.xchanKc traiisnii'a.ioiis a), road from ls,-xi to UK):: and al«o 
of tho^c rccciicd from abroad for di'.tril.ution in tlic I'mtcd .stales dnriiio the same period 


Government establishments weiglied about tm per cent of tlie total of all tnmsndssions 
for the year, or about 258,000 iiounds. 

By comparison, the receipts from abroad are far from being a satisfactory e., diva- 
lent of those sent, especiallv with reganl to governmental exchanges This inequal- 
ity is gradually being adjusted by some countries amt it is hoped that in the not 
distant future the exchanges from abroad may he consi.lerahlv increased In this 






Plate IV. 



Chart Representincj the Relative Number of Parcels Exchanged Between the United States and Other Countries 

During the Fiscal Year Ending June 30 , 1902 . 
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connection I t^ef; leave to !<ugget^t that were a representative of the Institution con- 
stantly on tlie grounil, devoting his attention to the re<juirenieiits, not only of our 
national library, but of the various departmental lihraries in the matter of exchanges, 
the returns for the jmhlications now so generously distributed by the I'nitcd States 
would soon be greatly increased, if not (juite equalizeil. 

Following are the total number of parcels sent and received during tlie year: 


Shipments, 69 jier cent: 

Fnited States (Tovernment exchanges ,52, S71 

Scientific and miscellaneous exchanges 24, 27S 

sr, 149 

Receipts, 31 per cent: 

United States CTOvernment exchanges 11, 290 

Scientific and miscellaneous exchanges 27. 8,57 

3S, (>47 

Total part'els 12,5, 796 


The number of corre.spondents in the I'nitcd States has reached a total of 8,739, 
the increase during the year having been ,">90. There are now 38,200 names of 
libraries and individuals on the records of the Exchange Service, representing an 
increase of 2,49,> names during the year. 

The sum appropriated by Congress fi>r the .sup)iort of the International Exchanges 
during the fiscal year was 824,000, being the same as that granted for each of the two 
immediately prece<ling years. The attention of Congre.ss, through its committees, 
was called by tlie Secretary to the inaiteiiuacy of tlie ajiprojiriation on account of the 
steady increase in the work of the .service, tlie improvement inaugurated therein by 
f ubstituting ocean express for freight as a medium of transportation, and the addi- 
tional requirements that the Institution would he obliged to meet by reason of the 
adoption by Congres.s on iMarch 2, 1901, of a resolution rei]niring the Public Printer 
to deliver to the Library of Congress, for its own use and for international exchange, 
62 instead of ,>0 sets of Ciovernment pulilications, "exceiit as such number shall be 
enlarged to not exceed 100 cojiies by reqiie.st of the Librarian of Congress.” On this 
account Congress, in its sundry civil act approved .Tune 2.8, 1902, .saw fit to grant an 
increase of 82,000, or 826,000 in all, for the next fiscal year. 

Owing to a readjustment of the dutie.s of the deputy collectors of the port of New 
York, Mr. Charles King succeeded Mr. .lohn C. TVilliams on February 7, 1902, as 
the otticer designated by the collector to enter ami care for international exchanges 
arriving from abroad. 

Despite the constant emleavors of the Institution to establish more adeipiate 
exchange relations with the Oovernments of Japan and China, all efforts in that 
direction have thus far been futile. Duly exchanges for governmental and native 
educational institutions in, Japan can be di.stributed under the jiresent arrangement, 
and all other contributions are therefore iliscourageil. In China no facilities are 
provhleil for the official distribution of exchanges, and the Institution has no means 
of distributing pari’cls in the Empire except those la'amig addresses in Shanghai, 
which are delivered by the courtesy of the Zi-ka-we, Observatory, 

Thus far Orcat Britain, ( iennany, and Austria-Hungary have not adopted the 
custom pre\ailing elsewhere in Europe of otliidally providing for an international 
exchange of jmhlications, and the Smithsonian Institution, with the aid of funds 
provided for the snpjmrt of the Exchange Service, has been obliged to maintain 
salaried agents in each of the.se countries and to hear the exjieiise of distribution of 
parcels as well as for transjiorting the jmblications of those countries to the United 
States. It is hoi>e<l, however, that the stejis that have been takmi from time to time 
to ailjust this inequality in the exchange system may I'ventiially be successful. 

The Institution has been especially fortunate in the selection oi its agents in those 
countries where no jirovision has been made officially for conducting exchanges. 
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Dr. Felix Fliigel, Messrs. William We-'^ley & Son, and Dr. Joi^eph von Kfiriisy, 
located at Leipzig, London, and Biidajx'st, resiiectively, have faithfully s-erved the 
Institution for many year.^. Dr. Flugel ha.s given constant attention to the service 
for nearly half a century, while the Ylessrs. AVesley have acted as the agents of the 
Institution since 1862. 


Tahvhir 

#</ On' ifork f»/’ 

fhr InfrnnififHniJ JLXvJifivye S.i'i'irr ihtrbHj (he fisoi/ j/rar 



1901-190 i. 

Date. 

Ninnlfcr 
t )f pack- 
. ages 
ban- 
tiled 

Number of correspomlents .rune JU. 

A\ eight 1902. Paekages 

of i>aek- " " ‘ieiit to i Cases 

61 e,l. 'ocienc. 

1901. 


1 




9.3JS 

22,299 

September 

.A. <.60 

; JG.O-I't 

October 

12 197 

■^9.391 


C>. 


Def'cmbcr 

10.3H 

Jl.sGO 1 

1902. 

Januarv 

12.7‘.t; 

! I 

-12. is > .. 

February 

0.027 

17.100 1 


12. ’ll 


April ' 



' i , , 1 

20.179 

Mav 

9.S12 

■J(..U7'.) 1 ' 


June I ii.'.UJ 


Total 

125. 790 

3'«’),413 i 

11.7m> 

3. I s2 

17,701 , 

5, 557 

33,901 1 

Increa‘‘0overl9iH!-l'JUl i' 
1 

1.730 , 

cl7.s,->y j 

-Ho ■ 

1 1 

ISO 1 

1,440 

-101 

: 2,591 


1.S17 

•JU 


'( Dccre<»se. 


The following table shows the nuinher of packages of exchanges handled and the 
increase in the nuinher of correspondents each year from 1895 to 1902; 


].sy.>-9i). i l.v.)6-i(7 isy7-'js. ivjs-y.). l.sy.oiuiHi. I'jco-i'.Hil. lyni-i'iir 


Number <tf packagu> ret eivc*l. 
Weight of packages received, 

pounds 

(’orro'^pondonl'* 

Foreign societies 

Foreign indivitluals 

Domestic societies 

Domestic indivuluals 

Packages to domesl ic adtire'^c*- 
('a’'e'' shipped abroad 


.ss .S 7 S 

M.102 

M.‘20.S 

97. 

2AS.731 

217. Ill 

;W1,472' 

,;i7. 

■s. IV22 

9, 11 4 

10. 105 

19. 

10 S7.S 

12.013 

12,.17S 

1“.. 

2.115 

2. 1 15 

2, 5.13 

2 

J, S‘)9 

l.l.JO 

1.3S2 

1. 

31.(H»1 

2.’,. 019 

21 (»57 

.‘•0. 

1,013 


1, *.;u 

1 


< OKIiK>I’<>MU:N |s,. 


s35 

U3. AD.) 

121, 909 

125.790* 

.S.S ; 

199.991 

111.277 

J'.'O, US 


lit sir, 

1 1 . 295 

11,709 

:'.7s 

15, :’.S5 

10 201 

17.791 

.'>9t> 

2.721 

2, 990. 

3,1S2 

t<7 

5 (HK) 

5. 1.53 

5, 557 

♦)}5 

2s, 025 

31, ;t,7 

Jl.Uhl 

■*90 

i,7(;,s j 

I 757 

l.S! 


The record of exchange correspondents at the chne of ihe y,.ar contained ds -'do 
addresses, being an increa.«e of 2,495 over tliose of the preceding Near The foil',' - 
ing table gi\cs the number of c.rre.-iMnident.s in eacii country and al.so servel toil'lus- 

trate file scope of file service. 
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Number of correspondents of the Internatio^xal Exchange Serrire in each covnirg on 

June SOj 190^. 



Correspondents. 


Corr 

Country. 

Libra- 

Indi- 

vid- 


Country. 

Libra- 



ual.«. 




AFRICA. 




AMERICA (NORTH) — CM)!!- 


Algeria 

22 

27 

19 

tinned. 


Angola 

1 


1 

We''t Indie.'' — Continued. 



-j 

15 

20 


9 

Beira 


1 

1 

Bermmla 

6 

British Central .Vfrica ... 


1 

1 

Btieii Avre 


British Ea'st Africa 


1 

1 

Cuba 

46 

('anarv Islands 

1 

6 

7 

Curacao 

1 

CapL* Colonv 

42 

7S 

120 

Dominica 

2 



4 

4 


3 1 




3 



:10 


s> 





1 

1 


15 


•> 

•> 



a«)l(l Coast 


o 





•7 

1 




•> 

4 

6 


4 




•■> 



Madagascar 

•> 

r> 

8 

St. Chrivtopher 

2 


3 

* 

■“ 


1 


12 


19 





10 

10 




1 

] 




li 


32 


•> 

Urange Ri\>T Colony 


1 

1 

St. Vincent 



.) 


.> 




r. 





Senegal 


;; 


Triniilad 

u 


1 


1 


.1 


16 

10 










T\mls 

,S 

9 

17 





.5 


.Xrgt'iitina 

i:^t. 





Bolivia 

1,1 

AMKBIlA 1 NORTH). 




Brazil 

12:', i 

Canada 

275 

■XU 

776 

Britisii Guiana 

16 ' 

Central America: 




riiiu- 

78 

British Honduras 

1 

7 

11 

Colomiu.i 


Costa Rica 

2ti 

31 

60 

Iintcli Giiian«i 

1 

Guatemala 

41 


90 

Ecuaiior 

14 


11 

•x.J 

40 




1 } 

37 

51 ' 


1 

Salvador 

16 

11 

i 

Panigiiav 

is 


.1 


o 1 


37 



169 



10 


12 

IN 




St I'ierre-Mhiuelon 



4 

\SI\ 


rnite<l States 

3. 182 

5, rV>7 

S, 739 

Arabia 


West Indies 




Borneo 




1 

1 


9 



4 

10 



Bahamas 

4 

11 

15 

Bntish North Borneo 



Indi- 

vid- 

uals. 


12 

13 

1 

112 

-1 


W 
34 i 

1 

2 

1 

20 

2 

4 

3 

1 

2 

1 

1 

2 

11 

1 

n 


12S 

11 

142 

10 


20 

0 

0 

00 

29 

44 


Total. 


21 

19 

1 

153 

5 
9 

3 
7 

22 

49 

1 

2 

1 

21 

2 

6 

4 
1 
2 

0 
6 
3 

11 

1 

25 


2fl5 

26 

166 

81 

31 

6 


97 

69 

76 


64 


KEPOBT OF THE SECRET AEY. 


Number uf cjn-erpondeuh of the fnternalional Exchantje Sereiee in earh roiiniry on 

June 30, 1003 — Continued. 


C\»rres{M>nrteuts. 


Country. 

Libra- 

ries. 

Indi- 

vid- 

uals. 

Total. 

ASIA— coutinue^'t ! 



.> 

2 

Cevlon 

21 

12 

3:t 

China 

13 

01 , 

134 

Cochin China 

4 

1 

8 

Cvprus 

‘2 1 

4 

0 

Formosa 


3 

3 

French East Indies 

1 ‘ 

1 

2 

Hongkong 


-0 

27 

India 

•ilO 

193 

403 

Janan 

m ■ 

310 

41-5 

Java 

17 

27 

14 

Korea...,, 

2 

s 

10 



1 

1 

^'e^v Guinea 


1 

1 

Persia 

3 ; 

9 

12 

Philippine Island^ 

10 i 

14 

24 

Portuguese India 

1 ■ 


1 


1 ! 


1 

^lam 


17 

22 

Straits Settlement' 

II , 

12 

2.1 

Sumatra 


1 

1 

AVSTRALASIA. 

New Jiouth Wales 

72 ■ 

1 1-1 

l',i3 

New Zealand | 

73 

! 

nil 

Queensland 

33 

51 

M 

i^iuth .\ustraUa 

13 

h5 

lOs 

Tasmania 

17 

17 

34 

Victoria 

yi 

1 i--;'* , 

220 

Western Australia 

1 

■ 1 

1 

Kl'Kol’K. 

1 



Austria-Hungary 

702 

; i.ois 

’ 1,720 

Belgium ' 

322 

391 

713 

Bulgaria 

12 

IS 

30 


1 

1 

1 

Country. 1 

i 

Correspondents. 

, Lilira- 
ries. 

Indi- 
vid- 
1 uals. 

Total, 

EUROPE — continued. i 

^ 1 

1 


llenmark 

104 

IGl 

265 

Franco 

’ 1,334 

1 2,001 

3, (>35 

Germany 

' 2. 301 

I 2fifi 

5. 570 

Gibraltar 

' 1 

4 

5 

Great Britain 

1 1.S79 

4.209 

1 6,088 

Greece 

39 

37 

76 

Iceland 

13 

8 

24 

Italv 

786 

1 828 

1,614 

Luxemburg 

10 

4 

14 

Malta 

9 

11 

20 

Montenegro 

1 

1 

2 

Xctherlaud'* 

192 

270 

468 

Nor wav 

120 

129 

219 

Portugal 

100 

74 

174 

Roumania 

32 

, 

90 

Russia 

461 

759 

1.220 

Servia 

20 

12 

32 

Spain 

171 

192 

363 

S\ve<lcii 

171 

26.S 

412 

Switzerland 

33:> 

, 552 

8S7 

Turkey 

3t 

1 

109 

roLVNESJA 

! 

1 


Fiji I'lands 

■ 1 

1 s 

4 

German New Guinea 


1 

1 

Hawaiian Islands 

2t 

40 

6.5 

Marshall Inlands 


1 

; 1 

New Caledonia 


2 

2 


1 



Samoa 


5 

5 

Tiihiti 


3 

' 3 

Tonga 


2 

2 

International 

36 


’ 36 

Total 

, 11,9-12 

' 23.258 

38,200 


KXCHANdE OF <;OVEElNMEXT DOCCMEXTS. 

The following table show.- the numlier of packages forwarded and received by the 
several branches of this Government during tlie year. By comparison with the last 
report it will be observe<l that there has been a decrease of 1.614 in the receipts from 
abroad and an increa.se of 3,461 in the transmissions from Cnited States Government 
establishments to their correspondents in other countries, or a net increase of 1 847 
eijual to 3 per cent, over last year. 
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Stfdriiietd of ('rovemmeiil ejxhamjes during the gmr 1001-3. 


Name of bureau. 

Packages. 

Received Sent 
for — , by — 

Name bureau. 

Packages. 

Receivedl Sent 
for — j by — 



•> 


3 


American Historical Association 

9 

lis ' 

Geological Survey 

aS2 

3, 043 

Astrophvsical Observatory 

t> 


Health Department t>f the Di-i- 



Aiulitor for the State and other 



triet of t'oUimbia 

1 


Dciiartmcnts 


711 

Hydrographic Othee 

103 

2 

Board on Geographic Names... 

1 

207 

Intcr'>»tate Commerce Commis- 



Bureuuof American Ethnology. 

2!9 

092 

'»iou 

IT 


Bureau of American Republics. 

IS 


Library of (\»ngre'»s 

940, 

25. 3AS 

Bureau of Education 

11^ 

2i7 

Life-Saving Service 

2 

(.0 

Bureau of ^kCedicine and Surgery 

1 


Light- House Board 

3 

278 

Bureau of the Mint 

7 

3t;7 

Marine-Hospital service 

11 

1 

Bureau of Navigation 

It; 

lls 

National Aea<lemy of Sciences. 

9,s 

.8.87 

Bureau of Stati'>tics, T'roa‘'Ury 



National H«*tanu- Garden 

1 


Deparlment 

9:> 

t.MM) 

National Bureau of Standanh.. 

1 


Bureau of Steam Engineering.. 

1 


National Museum 

:'.io 

fV8i 

Census Office 

17 

704 

National Zoological Park 

7 

5 

Civil Sennue Commi'‘Siou 

1 


XautK-al Almanac Office 

So 

105 

Coast and Geodetic Survey 

121 

3:;0 

Naval Observatory 

143 

1 

Commissioner of Internal Rev- 



Navv Department 

12 


enue 


'j 

Office of the Chief of Engineers. 

25 

72 

Commissioners of the District 



Office of Indian Affairs 

'1 


of Columbia 

1 

22 

Patent Ortiet.* 

119 

H(i2 

Comptroller uf the Currency ... 

‘ 

li,0 

President of tlieTnited States.. 

1 


Department of Agriculture 

3'n) 

701 

Record and Pension Office 

1 

147 

Department of the Interior 

30 

041 

Senate of the United Mates 

1 



•> 


Smithsonian Institution 

2,114 

6. 700 

Department of Labor 

8t3 

01 

Superintendent of Documents. . 

1 

3 

Department of State 

19 


Surgeon-Generars office 

159 

290 

Entomological Comniis.si(>n 

3 


Treasury Department 

10 

3 

Engineer School of Application. 

i 


War Department 

12.') 

19 

Fire Department of the District 



Weather Biirean,.,. 

115 

081 

of Columbia 


1 

Total 

11,290 

52, S7l 

FGh Commission 

90 

7l.'» 





RELATIVE INTERCHANGE OF PU8LICATH>NS BETWEEN THE UNITED STATES AND OTHER 

COUNTRIES. 

Following is a comparative statement of ex^'Uange trausiuissious by packages 
between the United States and other countries during tlie years 1901 and 1902: 


Coinjmrafire itfntfinfiit of yaxii'i'd jor throotjJt flo’ Intenoitionol 

J'Jj'cJiQugi' St'/’fict' dv.riiuj tJic H-xol gror^t ntdiiig oO, 1901, otid Jouc SO, 1903. 


Al^TtTin 

Antigua 
Arabia . 


Country, 



1901. 

1902. 


Packages. 

Packages 


For — 

From— 

For— 

From— 

ii;; 

74 

108 

lot) 



17 




10 


...1 2,374 

392 

2.420 

787 


Argentina 

S5I 1902 5 
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Greenland 

Guadeloupe 

Guatemala 

Guinea 

Haiti 

Hawaiian Islands. 

Honduras 

Hongkong 

Iceland 


Compand ire sl((letnent of purkagen rereired fur tratiriiimion 
Exchange Serrice, etc. — Continued. 

through 

the International 


1901. 

1902. 

Country. 

Packages. 

Packages. 


For— 

From — 

For— 

From — 

Aiistria-Hungarv 

4.531 

2, 51S 

4,4S0 

1,?^3 


14 


10 



15 


12 



14 


23 


Bfigiiiin 

l’,301 

1,792 

2,322 

2,072 


11 


17 



M 


315 

11 


1 




Brazil 

1.410 

715 

1,522 

1,S78 

Briti'^h .Vnieriea 

53*2 

700 

3, 291 

952 


4 


0 




1 

71 



12 



s 





0 


Bulgaria 

7- 

S-S 

KO 

140 







1 


1 


Cape Colonv 

274 

1 

279 

1 


0 




(’evlon 

50 



53 

.. 

Chile 

1,090 

1 

1.120 


China 

219 

111 

2% 

155 

C(tlombia t 

1)57 


091 


Co-'ta Rica 

7S4 

t>73 

773 

579 


233 

25 

209 

37 


1 


- 





. 


Denmark 

1 . Ofvl 

180 

1.052 

562 










2 





Egypt 

' 103 


173 


Falkland Islands 

3 


3 


Fiji Islands 

' 3 







. 


France 

S,U37 

2. 525 

077 

3, 301 

French Cochin China 

1 




French Guiana 

1 




Germany 

14, WiS 

S, 205 

1 1, or>7 

6. 6*22 

Gibraltar 





Goroe Dakar 




Grenada 



.. 


<Jreat Britain and Ireland 

12,391 

S, (iOh 

12. T'.HI 

7, 122 

Greece 

6)S9 





129 


153 

3 .. 


1 

510 

. .... 

515 

91 


54 

■d : 

23 1 

59 

76 1 


80 

41 i 

il 

41 


1 

119 
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CunijMinitiir shitetiicitt of ixn-kngett rci'cirnl for Irdiimtission tliroio/Ii the Iiiti’nidtional 
Exrlidnije Serrirc, rfc. — Continued. 


('oulitry. 

I'JOl. 

Packages. 

For — j From— 

19 

Pack 

For- 

02. 

ages. 

From — 

India 

1,410 

159 

1, 451 

202 

Italy 

4.340 

1. 975 

4.493 

2,541 


90 


94 


Japan 

1.53:1 

is 

1,497 

21 

Java . , . . 

20:i 

144 

170 

195 


20 


52 





1 



,2 








4 


Luxemburg 




26 

Madagascar 

V2 


fi 


Madeira . . . 



0 


Malta 

2:< 


36 


Martinique 

3 


3 


Mauritius 

47 


56 



1.719 



3, 720 


5,195 




Montserrat 

■'r 





i 




Natal 

'>s 

3 

■>4 

2 

Netherlands 

1.M7 

79:j 

1.S09 

700 

Nevis 

1 




Newfoundland 



39 


New Soutli Wales 

1 5:11 

929 

1 . 95f; 

611 

Now Zealand 


19 

S09 

13 






Norway 

1.993 

000 

],93S 

57 

Paraguay 

<:> 

10 

M 

251 

Persia 

90 


:13 


Peru »■. . 

72:1 

15 

699 

1 

Philippine Islands 

61 


45 

6 

Porto Rico 

16 




Portugal 

911 


913 

317 

Queensland 

SU 


S15 

2 

Reunion 

6 


s 


Roumania 

175 

S7 

l.'d 

110 


:i *'1:1 

O •>“ 


1,758 

St. Croix 

') 




1 









St. Kitts 



,, 


















.. 


1 



i:> 


n 








9 




San Salvador 


7 

107 

3 

Servia 





Siam 

54 


39 


Sierra Leone 

0 

1 

3 


Society Islands 

1 


3 
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Coiiipardtire xtnknient of jKirkw/rsi rcrched for traMmimoa ihroiujli the fiilrnKiliunal 
Exchmuje Srrrice, elr. — Coiitinuefl. 


Country. 


.'<outh African Ecjiutjlic 

South Australia 

Spain 

Straits Settlement'' 

Sumatra 

Swollen 

Switzerlanit 

Syria 

Tasmania 

Tontta 

Triniilail 

Tunis 

Turkey 

Tiirk.s Islands 

T'nited States 

Criiguay 

Venezuela 

Victoria 

We.st Australia 

Zanziliar 


1901. TJffi. 

( 


Packages. , Packages. 


For— 

From — 

For— ; 

From — 


54S ' 


7(U 

92 

1.055 

203 

i,2ii) 


1,194 

1 

Ih 

1 

at 

18 

4 


a 


1,909 ' 

292 

1,843 

276 

•2. 431 

6S6 

' 2. 358 

2,037 

•>■> 


35 


691 , 

2 

600 

8 

12 . 


' 5 


60 . 


59 


15 ! 

1 

27 


589 ' . 


635 


6 


11 


33.;W7 

SI. 310 

33,961 

82,943 

S17 ' 

129 

835 

; 32 

660 ■. 


659 

1 

1,190 i 

312 

1,499 

1 691 

656 j 

335 

661 

43 


The fullowiiij; is a list of tlie .Siiiitlisoniau corresiMinileiits acting as Jistrilmting 
agents, or receiving pahlications fur transniis.sion to the I'nited States, and of coun- 
tries receiving regularly exchanges through the Institution: 

Algeria. [Sre France. ) 

Angola. (Act: Portugal. ) 

.Vrgentina: Htiseo Xacional, Ituenos .\yres. 

Austria: K. K. Statistischc (Vntral-Coniniission, Wien. 

Azores. ( .SV,' Portugal. ) 

Belgium: C'omiiiissiou Beige, des Fehanges Internationaux, Brussels. 

Bolivia: Oficiiia Aacioual de Imnigracidn, Estadistica y Projiagaiida (leogratira, 
La Paz. 

Brazil: Bibliotheca Nacional, Kio de Janeiro. 

Britislt Colonies; Crown Agents for the Colonies, London, England. 

British (iiiiana. (.Sic British Colonies.) 

British Honduras. (.Sic Piritisli Colonies.) 

Bulgaria: Dr. Paul Leverkutin, Eofia. 

Canaila: Packages sent liy mail. 

Canary Islands, {Sec Spain. ) 

Cape Colony: Superintendent of tite Stationery Department, Cape Town. 

Cliile: Fniversiilad de Cliile, Santiago. 

Cliina. (Shipments suspended for tlie present. ) 

Coloniliia: Bililioteca Xacional, Bogota 

Costa Rica: Olicina de Depdsito y Canje de I’utilieaciones, San Jose. 

Denmark: Kong. Danske Videiiskaliernes Sel kali, ( 'openluigen. 

Dntcli ( tuiana. Surinaanisclie Koloniale Bihliotlieek. Paraniarilio. 

Ecuador: Bililioteca Xacional, (Juito. 

East India; India Store Department, India Office, London. 

Egypt: Societe Khediviale de Geographie, Cairo. 

Fiji Islands. (.See Britisii Colonies.) 
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France: Bureau Francais des Echanges Internationaux, Paris. 

Friendly Islands: Packages sent by mail. 

(lermany: Dr. Felix Fliigel, Aeussere Halle’wlie Strasse IS, Leipzig-dohlis. 

(.lold Coast. {See British Colonies.) 

Great Britain and Ireland: William Wesley & Son, 28 Essex street, Strand, l.ondon, 
England. 

Greece: Prof. R. B. Richardson, Itij-ector, .\nieriean .Sehool of Classical Studies, 
Athens. 

Greenland. {See Denmark. ) 

( tuaileloupe. {See France. ) 

Guatemala: Institute ICacional de < iiiatemala, < luateiiiala. 

Guinea. {See Portugal. ) 

Haiti: Secretaire d’Etat des Relations Exterieures, Port an Priiu'e. 

Honduras: Biblioteca Xacional, Tegucigalpa. 

Hungary: Dr. Joseph von Koriisy, “Redoute,” Budajiest. 

Iceland. (See Denmark. ) 

Italy: Biblioteca Naziouale Vittorio Emanuele, Rome. 

.laniaica. (See British Colonies. ) 

Java. (See Netherlands. ) 

Korea: Packages sent by mail. 

Leeward Islands. (See British ( 'olonies. 1 

Liberia: Care of American Colonization Society, Washington, District of Columbia, 
Luxemburg. (See Germany. ) 

Madagascar. (See France.) 

Madeira. (See Portugal. ) 

Malta. (See British Colonies. ) 

Mauritius. (See British Ci.donies. ) 

Mexico: Packages sent by mail. 

Mozambiciue. {See Portugal.) 

Natal: Agent-General for Natal, London, England. 

Netherlands: Bureau Scientifliiue Central Ncerlandais, Den Helder. 

New Guinea. (See Netherlands.) 

New Hebrides: Packages sent by mail. 

Newfoundland: Packages sent by mail. 

New South Wales: Board tor International Exchanires, Sydney. 

New Zealand: Colonial ^Museum, Wellington. 

Nicaragua: Ministerio de Relaciones Exteriore.s, Managua. 

Norway: Kongelige Norske Frederiks Cniversitet, Christiania. 

Paraguay: Care Consul-General of Paraguay, Washington, District of Columbia. 
Persia. (See Russia. ) 

P(“ru: Biblioteca Nacional, Lima. 

Portugal: Bibliotheca Nacional, Lisbon. 

<.)ueenslaud: Chief Secretary’s Otlice, Brisbane. 

Roumania. (Sie Germany.) 

Russia: Commission Russe des Echanges Internationaux, Bihliotheque Imperiale 
Public}ue, St. Petersbui-g. 

Saint Helena. (Mv British Colonies.) 

Santo Domingo: Packages sent by mail. 

San Salvador: Museo Nacional, San Salvador. 

Servia. (See Germany.) 

Siam: Board of Foreign Missions of the Presbyterian Church, New York. 

South African Republic: William Wesley A Son, 28 Essex street. Strand, London. 
South Australia: Astronomical Observatory, Adelaide. 

Spain: Olicina para el Canje de Publicaciones Ofleiales, Cientificas y Literarias. Sec- 
cion de Propiedad Intelectual del ^linisterio de Fomento, Madrid. 
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Straits Settlements. (See Britisli Colonies. ) 

Sumatra. (.Sr Xetlierlands.) 

Syria: Board of Foreign (Missions of tlie Presbyterian Churcb, New York. 

Sweden: Kongliga Svenska Vetenskaj>s Akadeniien, Stockholm. 

Switzerland. Biljliotheciue Federale, Berne. 

Tasmania: Royal Society of Tasmania, Hobart. 

Trinidad. (.S'rr British Colonie.s. ) 

Tunis. (SVc FYance. ) 

Turkey: American Board of ( 'onmiis.doners for Foreign (Missions. Boston, (Massa- 
chusetts. 

Turks Islands. (,SVv British Colonies. I 

Fruguay: Olicina <le Depdsito, Reparto y Canje Internacional, (Montevideo. 
Venezuela: Biblioteea (Yacional, Caracas. 

Victoria: Public Library, (Museuni, and (Xational (dallery, (Melbourne. 

AVestern Australia: Victoria Public Library, Perth. 

Zanzibar: Packages .sent by mail. 

The distribution of e.vchauge.s to foreign countries was made in 1,.S47 cases, 4‘dt) of 
which containe<l otliilal documents f<ir authorize<l ilepositories, and the contents of 
1,381 cases consisted of tTOvernment and other publications for miscellaneous eorre- 
sjiondents. Of the latter class of exchanges the number sent to each country is 


given below: 




Argentina 


Natal 

1 


59 , 


39 

Belgium 

42 , 

Netherlands 

1)7 

Bolivia 

4 

NVw Zt*aland 

8 

Brazil 

30 ' 

Nicaragua 

0 

British Colonies 

G 

Norway 

20 

Cape Colony 

t) 

Paraguay 

•> 

China 

1 

Pern 

10 

Chile 

10 

Polynesia 

ir/) 

Colonibiu 

9 

T’ortugal 

13 

Costa Rica 

12 

<Iiiecns!anil 

5 

Cuba 1 

" ) . 

Roumania 

1 ') 


20 

Russia 


Dutch Guiana 1 

1 '>) 

Salvador, 

.5 

Ecuador 

5 

San DoiniuL'o 

1 

East India 

13 

Servia 

1 ' 1 

Egypt - - 


Siam 

(") 

France and (’(jh»nics - 

IhS 

South -Australia 

IS 

( iermanv - 

212 

. South .African Reimblii- 

- 1'') 

(ireat Britain and Ireland 

27t) 

.''pain, 

20 

( i rcece 

0 

S\\ t‘(U‘n 

-ft 


(i 

Switzerland 


Haiti - 

1 

' Syria . 



4 


1 i 

O 

Hungary 


Turkey 


Italy - 

t>7 

1 Fru^'uay . . 

- ^ ) 

.Tapan - 

1!) 

1 Venezuela . 


Liljeria - - 

•> 

Vi»*t<iria .. 


Mexico - - 1 

" i 



"Packages sent by 

mai! 

1. 


^'Included in trails 


ioR'i to Netherlands. 



‘ Included in transmi-^sion.s to Germany. 
Included in transmic-ions to < beat Britain. 
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The following is a list of depositories abroad to which sets of United States Gov- 
ernment publications are sent under the joint resolution of Congress approve<l March 
2, 1867. One box of current publications was forwardetl to each depository on July 
8 and October 2-t, 1901, and on January 4, March 17, and .Tune 17, 1902. 

Argentina: Library of the Foreign Ofiice, Buenos Ayres. 

Australia: Commonwealth of Australia, Melbourne. 

Austria: K. K. Statistische Central-Commission, IVien. 

Baden: Universitiits-Bibliothek, Freiburg. 

Bavaria: Konigliche Hof-unil Staats-Bibliothek, Miinchen. 

Belgium; Bibliothe(iue Eoyale, Brussels. 

Brazil: Bibliotheca Xacional, Rio de Janeiro. 

Buenos Ayres: Library of the Government of the Province of Buenos .Ayres, La 
Plata. 

Canada: Parliamentary Library, Ottawa. 

Chile; Biblioteca del Congreso, Santiago. 

Colombia: Biblioteca Xaoional, Bogota. 

Costa Rica: Oficina <le Deposito y Canje de Publi<'aciones, San Jose. 

Denmark: Kongelige Bibliotheket, Coi)enhageu. 

England: British IMuseuiu, London. 

France: Bibliothcque Rationale, Paris. 

Germany: Deutsche Reichstags-Bibliothek, Berlin. 

Greece: National Library, .Athens. 

Haiti: Secretaire d’Etat des Relations Exterieures, Port au Prince. 

Hungary; Hungarian House of Delegates, Biulapest. 

India; f!ecretary to the Government of India, Calcutta. 

Ireland: National Library of Ireland, Dublin. 

Italy: Biblioteca Nazionale Vittorio Emanuele, Roma. 

Japan; Foreign Office, Tokyo. 

Manitoba; Legislative Library, Winnipeg. 

Mexico: Museo Nacional, Mexico. 

Netherlands: Library of the States Gtneial, The Hague. 

New South Wales: Boanl for International Exchanges, Sydney. 

New Zealand: (ieueral .T.sseuilily Libniry, Wellington. 

Norway: Departementet for det ludre, Christiania. 

Ontario. Legislative Library, Toronto. 

Peru; Biblioteca Nacioual, Lima. 

Portugal: Bibliotheca Nacional, Lisbon. 

Prussia: Kbnigliche Bibliothek, Berlin. 

Quebec: Legislative library, Quebec. 

<Iueenslaud; Parliamentary Library, Brisbane. 

Russia: Imperial Public Library, St. Petersburg. 

Saxony; Konigliche Bibliothek, Dresden. 

South .ABican Republic; Department of Foreign .Affairs, Pretoria. 

South .Australia: Parliament Library, .Adelaide. 

Spain; Seccion de Propriedad Intelectual del Ministerio de Fomento, Aladrid. 
Sweden: Kongliga Biblioteket, Stockholm. 

Switzerland: Bibliothcque Federale, Berne. 

Tasmania: Parliaiuentary Library, Hobart. 

Turkey: Minister of Public Instruction, Con.stantinoiile. 

Uruguay; Otieina <le Deirbsito, Reparto y Canje Internacional de Publicaciones, 
Montevideo. 

Venezuela: Biblioteca Nacional, Caracas. 

Victoria: Public Library, Melbourne. 

Western .Australia: A'ictoria Public Library, Perth. 

Wiirttemberg, Konigliche Bibliothek, Stuttgart. 
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Governmental exchanges for Quebec, Ottawa, Toronto, Winnipeg, and Mexico 
are not retained at tlie Institution until an entire box has accumulated, but are 
promptly dispatched by registered mail as soon as received. 

During the year several dei>ositories have been a<lded and reserve sets liave t>een 
contributed, as follows: 

The Commonwealth of Australia, the seat of which is temporarily at Melbourne, 
was adde<l in December, 19(11, and on the 19th of that month 6S boxes were shijiped 
in r are of the attorney-general of the Conunon wealth. 

On September 4, ItiOl, a sbijunent was made to the National Lila-ary (jf Ireland at 
Dublin, consisting of SI boxes, and the same number was forwarded to the Legisla- 
tive Library at (iuebec on July’ 26, 1901. 

The Legislative Library of Manitoba at M'innijieg was placed on the list of deposi- 
tories January 16, 1902, but only selections have thus far been provideil. It is 
exjiected, however, that a morr- liberal contribution will be made when the addi- 
tional copies provided under the joint re.solution of March 2, 1901, are received from 
the Public Printer. 

Resj lectf ul! y submitte< 1. 

P. W. Hodge, 

Afliny Ciivator of ICirliitni/i'x. 

iMr. P. L.cxgi.ey, 

Serirtory of the »S'/)id/i.so;o'ioi Jio-liltilion. 

July 1, 1902. 
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HEPOKT OF TIIK SFPKKINTKNDENT OF TIIF, N'ATIOXAI. ZOOl.oCIOAL 

PARK. 

Sir; I have the honor to herewith Buhinit the following report relating to the con- 
dition and operations of tlie National Zoological Park for the year eniling .Inne 30, 
1902 : 

At the close of that j)eriod the ai)proxiniate value of the ])ro(a^rty heloiiging to the 


park was as follows : 

Buildings for animals $71, 000 

Buildings for administrative purposes. 14, 000 

Office furniture, hooks, apparatus, etc 900 

Machinery, tools, and iiiipleuients 2, 200 

Fences and outdoor inclosures 2.'i. 000 

Roadways, hrhlges, paths, rustic seats, etc SO, 000 

Nurseries 1,000 

Horses 600 

Animals in zoological collection 38, (X)0 


A detailed list of the animals in the collection is appended hereto. They may be 
classified as follows : 




Indige- 

nous. 

1 Foreign. 

’ Domesti- 
cated. 

Total. 

Mammals 





7s 

r>ot; 

Birds 


r>5 

.V; 

49 

232 

Reptiles 


122 

i gt 


146 


The accessions of animals iluring the year have been as fi>llo\\s: 


Presented 117 

Purchased and collected 73 

Lent 13 

Received from A'ellowstone National Park 17 

Received in exchange 2:1 

Born in National Zoological Park 6il 

Captured in National Zoological Park 2 

Total 314 


Besides these animals about 30 gray scpiirrels were purchaseil during tln' year and 
set at liberty in the {)ark. 

The cost for purchase, collection, and transportation of these accessions has been 
$3,500. Besides this there has lieen sjient for books, photographs, apparatus, and 
office furniture the sum of $1,900. 

The appropriation for the general service of the park was made in the following 
terms: 

For continuing the construction of roads, walks, bridges, water supply, sewerage 
and drainage; and for grading, planting, and otherwise improving the grounds; 

73 
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erecting and repairing l)nil(lings and inclosures; cure, subsistence, purchase, and 
transportation of animals; inclmling salaries or compensation of all necessary 
employees; the purchase of necessary books and periodicals, the printing and pub- 
lishing of operations, not exceeding one thousand five hundred copies, and general 
incidental expenses not otherwise provided for, eighty thousand dollars; one-half of 
which sum shall be paid from the revenues of the District of Columbia and the other 
half from the Treasury of the United States; and of the smn hereby appropriated 
five thousand dollars shall be used for continuing the entrance into the Zoological 
Park from Cathedral avenue and opening driveway into Zoological Park, including 
necessary grading and removal of earth. (Sundry civil act March 3, 1901.) 

Beside.s the regular cost of maintenance, the following alterations and additions to 
the buildings and grounds have l)een defraye<l from this ajipropriation during the 
year: 

The flying cage . — This large cage, Ixgun during the last year, has now been com- 
pleted and fitted with rockwork, planted with aquatic and other plants, and sup- 
plied with running water and pools. About 50 birds are at present in the cage and 
it is hoped to increase the numVjer considerably next sea.son. The cage forms a very 
attractive feature of the park. The expenditure from this year’s appropriation in 
connection with it is about 5'5,000. 

Addition to teinjiorory hii-d honxe . — There being no suitable place for parrots, of 
which the collection included a considerable number, a room for them was added 
to the temporary bird house auddivi<led into live large compartments. Several birds 
were put in each cage and they have much iinpr(.)ved in health and attractiveness 
since this disposition of them was made. This addition cost $700. 

Repairing elephant eked . — .\ttention has before been called to the dilapidated con- 
dition of the structure. It had become so open about the sides that it could not be 
made warm enough for the animal in cold weather. In the autumn of 1901 a layer 
of heavy building felt was put on the sides and this was covered with siding, at a cost 
of $250.' 

An appropriation of $20,000 was iisked for a new house for elephants and other 
pachyderms, and at the close of the year .$10,000 was appropriated for that purpose. 
This will provide for only a small hou.se, the con.struction of which will be at once 
commenced. 

Cagex for pol((r and Kodiak hear . — Two large yards for these bears were begun about 
the clo.se of the year. Kach will be about 40 feet .s()uare, with secure an<l comfortable 
house and a large bathing pool attached. The cages will cost, complete, about .$1 ,S00. 

< 'age far eaglex . — Shortly l)efore the (-lose of the year a cage hjr eagles was begun, 
50 feet by 27 feet and 35 feet high. It will contain a ijool, a ma.ss of rock, and a lar^e 
tree on which the birds may perch. The cost will be $1,000. 

Carnivora houxr . — The large floor tank for alligators having become decave<l and 
leaky, a new tank was built of concrete. .V large ca.se was also constructed in this 
building for boas and pythons. This installation is not suitable for either the alliira- 
tors or the snakes, and the space which they occupy is needed for other purposes. 

Fountain . — At the Secretary’s suggestion a fountain was constructed in front of the 
carnivora house, at a cost of $:1.50. 

Drireu-ay from Cathedral arenae.—X i)ortion of the fill of earth required was made 
from the appropriation for the previous year; fill was completed and roadway IS feet 
wide built, with telford base and top dressing of crushed stone. A small amount of 
work was also done at the ford on this roa<i. Total cost $5,000, the amount of the 
special appropriation. 

Adamx Mill rood.— By reason of its very steep grade, tliis road is ditlicult to main- 
tain. It l)ecame necessary to reshape tlu-steei. I'ortiou ; the maca<lam was thoroughly 
loosened, the crown of the road remaile, adding onsiderable new material, amf the 
road finished with a new surface dressing of crushed limestone. 

Connectind avenue entrance.— The roadway on Joliet street between Connecticut 
avenue and the park entrance was completed by the District on permanent lines, and 
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making it necessary to change the line of tlie roadway in the park for a distance of 
about 300 feet. 

A Avalk of crushe<l stone was constructed at the Adams Mill r<.)ad eutrant'e to con- 
nect with the new concrete walk laid by the District in April of this year. Con- 
siderable work wa.s done on other Avalks and a footbridge was erected to afford 
convenient acces.s from the east bank of the creek, near the upper ford, to the west 
bank and the paddocks near by. 

Planting was carried on throughout tlu' year. A screen of shrubs and small trees 
was set about the shop building and many shrubs ami vines were }>lanted around the 
office building as a screen and for ornament. 

Ohst'n-dtiouit on Jfi/ing hinl.t . — The park, though full of interest for the public, is not 
a place of recreation only, for though one of its primary objects is the instruction 
and recreation of the people, another — indeed, the very first of all prescribed by 
Congress — is the advancement of science, and for this latter we must look to experi- 
ments in the future for which we have not means to-day. In pursuance of a purely 
scientific problem, the park has recently procured optical apparatus for determining 
the interesting problem of the flight of the soaring bird by photograjthing the great 
buzzard (Ciithartes aiim) simultaneously from two adjacent temporary wooden towers 
which have been erected. 

The following are the more important accessions to the collection during the year: 

Gifu. — Dr. F. IV. Goding, Duited States consul at Newcastle, New South Wales, 
shipped several lots of animals by sailing ves.sels to San Francisco (thus securing free 
transportation I . Most of the animals died during the long voyage. A fine specimen 
of dingo, however, arrived in good condition, and a tine gray kangaroo and brush- 
tailed opossum were received shortly after the close of the year. Dr. Goding is 
exceptionally well placed for getting animals, takes active intere.st, and expects to 
get valuable specimens. He has been aske<l to forward future consignments by 
steamer to shorten the time of v<'>yage. 

By E. H. Plumacher, Fnitcd i^tates con.sul at Maracaibo, a considerable consign- 
ment of animals was forwarded, but several ilied en route. -V monkey and a tine 
specimen of two-toed sloth were received in goo(l order. Other animals are to be 
sent soon. 

From Perry VI. De Leon, T’nited titates cmisul-general at Guyaquil, Ecuador, a tine 
lot of animals was received, including parrots, a toucan, three monkeys, and several 
smaller animals. lie also forwanled two consignments by sailing vessel, but these 
died en route. 

From tiolomon Berliner, Fniteil States consul at Teneriffe, two lanzarotte pigeons 
and two choughs. 

From ,T. H. Starin, New York, six harbor seal.'J. 

From Oscar .1. Craig, iiresident University of Montana, a very tine beaver. 

From Stephen (iheen. Tower, Vlinn., a pair of Canaila lynx. 

From Attgust Busek, United States Department of Agriculture, five Cuban boas. 

In connection with animals presented by Consul Plumacher, I wish to acknowl- 
edge the courtesy of VIessrs. Boulton, Bliss & Dallet, of New A’ork, in furnishing 
free transportation for animals on their Red I> Line of steamships from Maracaibo to 
New York. 

From Capt. J(dm L. Young, proprietor of A'oung's pier, Atlantic City, N. J., a 
considerable number of fish were obtained for the aquarium. Captain A’oung also 
kindly assisted the agent sent by the park to jwocure specimens. 

Yellouvtonf Xntlointl I’ltrk . — From this source there were received during the vear 
four antelope, five mule <leer, five elk, two cinnamon bears, one grizzly bear. 

The acting superintendent of the Yellowstone National Park sent word that there 
was opportunity to capture a grizzly. A steel cage-trap was accordingly constructed 
in the shops of the National Zoological Park and shipped to the Yellowstone. A 
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fine specimen was captured in this trap and forwarded to AVashinjcton, reaching its 
destination in good order. 

ExrJuniges. — t^everal exclianges were effected <luring tlie year. Among the ani- 
mals obtained were the following; From the New A’ork Zoological Park, a very fine 
male axis deer; from the Zoological Society of London, a young female yak; from 
Thomas AV. < Jibson, of the department of crown lands, Ontario, Canada, eight black 
squirrels; from AA'illiam Bartels, Xew York, a female Barbary sheep and a female 
polar bear. 

lliiihx. — The number of births during the year has been quite satisfactory ft is 
gratifying to note that two l)t*avers were born during the present season. 

Pan-hiixes. — f’nder your instructions very special efforts have been made in the 
last three or four years to procure a Kodiak l)ear. The animal is by no means 
exterminated, but has fleil to uninhabited, difii<-ult regions, where it can not be 
obtained except by the expemlitnre of an inordinate sum of money, whereas it was 
formerly ])rocurable in relative abundance. .C young male was, however, procured 
during the present year through the cooperation of the Alaska Commercial Com- 
pany. It was captureil on the mainlaml directly opposite Koiliak I.sland, and is 
believed to be the true iVsc.s inidileniini-ffii. Efforts are being made to get more 
through the .same agency. ( 'onsiderahle rewards fora<lditional sjiecimens have been 
offered throughout tlud region ami are still advertise<l, though so far without results. 

Aftei' years of effort two liighorn <.>r Rocky Alountain sheep have been procured 
from western Colorado, one within the present year. It is desirable to explain that 
the Institution’s extreme ditfii-ulty in procuring this animal, not at all an unfamiliar 
one to hunters, arises from the fact that the Institution jwoceeds .scruitulously within 
the law, which reiiuires a permit from the authorities of the State in each case. 
Thi.s is charily given, in some cases apparently through the opposition of game war- 
dens, who seem to have no sympathy with the Institution’s aims. These permits, 
while only obtained with great difficulty, are given for a brief time and to a single 
individual. The wlmlesystem is apparently designed with a j>roi)er jiurpnseto throw 
obstacles in the way of procuring game by unlit i)ersons. It actually operates to 
almost absolutely prevent its procurement by the lieiieral (iovernment through insti- 
tutions or persons who are the fit recipients of the game, and as scrupulous in their 
desire to obey the State laws a-s the Sndthsonian Institution is in its capacity as guar- 
dian of the t iovernment interests in the National Zoologii'al Park. Further than 
this, or indeed as a consequence of the pr.icti<-al n-fu.«al of jiermission imder the law, 
the final effect is that m-arly the only animals w hich are obtainable are those for 
sale by j>ersons who have taken them in iletiance of the law. 

Other purchases were a male moose and a jiair of Cohimbian black-tailed deer 
from the International Forest, Fish, and Oame Association, two female ]iumas from 
northwestern AV_\oming, two young ( 'alifornia comlors, a female South .\merican 
tapir (as a mate for the male already in the c<illection ), three red kangaroos, and a 
carabao, or Indian buffalo, from the Philipjiine Islands (under recent regulations of 
the Deiiartmeiit of Agriculture, to prevent the introduction of ‘‘surra,” such animals 
can not now be inqxjrted) . X stock of birds wa,s obtained for the flying cage, includ- 
ing a pair of adjutants, six Euroiiean ,stork.s, an ibi.<, ami other birds, 

One of the bears iirocured in .Alaska for the park in the summerof IH(K), beui"- now- 
old enough for its identity to In’ determined, is found to he the A'akutat bear I’l'xnx 
dalli. 

ias.s-rs e/mo'eitd.s.— Two old bull bisons; death probably due to old age; diagnosis 
gastroenteritis. One California sea-lion, from imeuiimnia. .V male and female 
moose, from gastroenteritis; received N'ovemlH-r, ISiltl, died December 11)01 and 
March, 1001’; in good health until summer of 1001. Oieat difficulty is still exjieri- 
enced in the care of these great forest animal-. Tliree pronghorn antelopes, includ- 
ing a buck that had been in the park five and a half years. ( Ine young elk, killed by 
an old bull. ‘ ’ ^ 
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From the effects of intestinal parasites; ThreeNewfoundland caribou, a Utter of arctic 
foxes, one adult fox, and one mule deer. A number of other mule and other deer 
were affected. These parasites were probably intnxluced and distributed by j)rowl- 
ing dogs. In order to extirpate them, the mule deer were treated and removed to 
another paddock; their former paddock was then disinfected by burning over the 
surface of the ground with a surface beater snch as is used in repairing asphalt 
pavements. 

Buxindunj /c/icc. — In making uj> the estimates for the appropriations for the next 
year, as tor the past several years, the innierative need of a fence was again uiged upon 
Congress. Xo special appropriation was made, liowever, but it was understood that 
the increase in the regular appropriation might be devoted to this jmrpose if the 
Secretary saw tit. 

Attention has been called in previous reports to the fact that no adequate provision 
for housing small tropical mammals exists in the j>ark. At present these animals are 
confined in small cages, which are sometimes place<l on the top of others, thus injur- 
ing the apiiearance of the collection. The animals are also deprived of adequate 
exercise. Their mortality is therefore unnecessarily great. The park receives every 
year a considerable number of such animals, particularly from the new possessions of 
the United States, and is very much embarrasseil to find room for them. For those 
at present at liaml, not considering any future additions, there is reciuired a space of 
140 linear feet of cages. It is recommended that Congress be asked to apiiropriate a 
sufficient sum to build a suitable house for tropical mammals where they can be kept 
in better health and comfort than they are now able to enjoy. 

Xo department of the park attracts more popular interest than the aquarium, and 
its educational value is certaiidy very great. The present installation of this collec- 
tion of salt-water and fre.sh-water species in a mere temporary shed is, however, so 
entirely inade(iuate to its needs that I wouhl urge the construction of a suitable build- 
ing fitted with permanent tanks, heating and refrigerating apparatus, and ojien pools. 

In accordance with the Secretary’s wish t<t see a larger <1evelopinent given to the 
salt-water fauna, a concrete tank, covered with a glass roof, was built for the storage 
of sea water, amt the north side of the building will he di'voted to this part of the 
exhibition. A new filter ha.s been provided, and other minor improvements have 
l^een made. 

Another iun)ortant need is a reptile house where the great tortoises, crocodiles, 
alligators, boas, pythons, amu'omlas and other reptiles belonging to the collection can 
be exhibited, and where other specimens obtaineil from time to time can be housed. 
These reptiles are now t)laced in the same house with the lions, tigers, and other cats. 

The park very much needs an aviary for small terrestial birds. The jiresent bird 
house is almost entirely occupied by struthious and aquatic birds, the song birds 
being wholly unrepresented. In connection with such an aviary there should be 
built a tlyiug-eage of moderate size, with a tunnel of cage work through which the 
public can walk, surrounded by singing birds flitting about in every direction. 

The collection of W'olves and foxes has hitherto been kept in a series of temporary 
pens near the principal animal house. These inclosures are far from satisfactory, as 
they soon become dilaiudated ami jvermit the animals to dig out or break through. 
New and jiermaneut quarters for these animals slmuld be erected in some suitable 
part of the park. 

The sea-lions and seals now in the j)ark are not provide<l with pro]ier (juarters. 
As the turbidity of the water in the large pool seriously injured them they have 
recently been confined in cages built for the bears near the tiuarry Roa<l entrance. 
They have here only very small basins of water ami are not able to swim about at 
all. Houses and a pond of filtered water shoiilil be prov ided for them. 

The attendance of visitors at the park hits been steadily increasing. At present the 
average daily number of visitor.! is larger than ever l)efore, and on several occasions 
30,000 persons have been in the park in a single day. This increase in attendance 
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further emphasizes the need for more efficient restaurant facilities. .Vt present tiie; e 
is no suitable restaurant, only an open jiavilion where candy, cakes, and light bever- 
ages are sold. As the park is at a consulerable distance from the city, the absence of 
a properly equipped restaurant is a great iucouvenieuce to those wishing to .siiend the 
day in it, particularly if they are accompanied by children. The erection of a public- 
comfort building especially equipped for ladies and children, and with a restaurant 
attached, is therefore very desirable. 

It would be much more satisfactory as ucll as less expensive if sufficient a])pro- 
priations could Ije made to provide j)ermanent buildings as ra 2 )idly as they are 
required by the public needs and the growth of tlie collection. At present a con- 
siderable part of the appropriation has to be spent each year in repairing temporary 
structures. The park has now been in operation long enough to safely detennine 
where permanent improvements should be placed. 

The principal object for which the park was originally instituted was the preserva- 
tion of our national game, especially that whicli is becoming extinct. This has 
been represented to Congress, hut a.s yet no sjiecial jiro^ i.'-ion ha.s been made for it. 
-Yccording to your recommendation an a]>pri>])riation will again be asked for collect- 
ing and preserving some of the great land and marine specimens of our western 
territory now rapidly disappearing. Exj)erience lias abundantly proved that .such 
wild creatures, unaccustomed as they are to tin- sight of wan, can not properly be 
transported immediately after capture, as they are likely to seriously injure them- 
selves or even to die of fright if some means are not taken to gentle them or accus- 
tom them to being handled. I can therefore entirely agree to the value of the 
method you have jiropo-sed of estahli-shing .«ome small station or stations in Alaska 
where there are yet found specimens of the Kodiak bear, the great moose, the wal- 
rus, the fur seal, and possibly other laige creatures. Tliey could there he confined 
and kept amidst familiar scenes and he fetl upon their natural food while becoming 
more accustomed to tlie siglit of man and more trai'tablc. Tlie expenditure for such 
stations would be slight. 

I have already mentioned that after years of effort tlie park has at last procured 
one Kodiak bear cub. Bears as a rule do not breed freely in captivity, but it is most 
desirable to try tlie exiieriment, under .«ucli favorable condition.s as the park way 
afford, and I hope that more animats of tliis s|>ecies may he obtained. 

I close with a list i.if the animals of the park on June 30, 1902, and with a reitera- 
tion of the statement that the park is nevertheless not filling its jirincipal function 
until it can maintain and preserve for jiosterity tlie most iiiqiortaiit specimens of the 
great vanishing fauna of this country, and }>articularly of Alaska. 

Atilinuh tn Sationnl ZtnjloijU’tiJ .hiiic .‘,0^ lUO 


Nil me. 


M-AJOI.ALh. 


NnmiK'r. 


yorth American 

American bison (./iwtiu anirrtcauu.s) ...\ H ' 

Prong-horn antelope lAntUocapra j 

americana) f 

Rocky Mountain sheep iOvis cmiti- \ 


dfnds) j ‘2 

Virginia deer {O'iocoiieun virijinianu^\ . hj 

Col umbiablaok-tailed deer ( Odocoi/ew< 

CfdinnhianU!^) 1 

^^ule deer < Oiloanltuti hnnitniiH') 

Cuban deer sp.) * \ 


|xuillb.T. 

-V.iJi.VAi.i — continued. ' 

Sorth Amn'ion,, 

American elk i f’* ivuh <'nn(id( nt<i!>) oo 

Woodland c.iribt mi i Ka,njij\ r ennhou 1 
Xewfoundlanfl caribou i /ian^i/er Ur- 

rirntn'U') i ^ 

Moo^e { Ah't a iitiii ) icaun.''] I j 

Collared pe< < ary i . ' 3 

I*nma \ Ftlifi t tiumbf) ^ 

< elot ( />//s J 1 r 

^aguamndi ‘ J dts ijnijfjiuiriiniKji', ' 

{ ItUittyra) I 
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AnhnaU l/i yational /AMiloyivu! Parky June >*0y 1902 — Contiiiue<l. 


Name Numlwr. 


-M A M M A Ls — v( >i j t i n ued . 

Xwfh Americdu Continued : 

Bay lynx {Li/nx - 

Spotted lynx {Lynx ynjns nKwuhitut>) .. - 

Florida lynx {Lynx rnfu.'ijforManus).,. 1 

Bailey’s lynx [Lynxhaikyi) ' 2 

Canada lynx [Lynx tnnndfj7if^k\ ^ 1 

Cray "wolf {Cnnis 

Black wolf ■> 

Coyote (Canisl*itra7ts) 0 

Red fox ( Vulptif julvHs] (» 

Cross fox ( rtdjjfy Julvntf] 1 

Arctic fox ( Vulprs lnyopu<) 12 | 

Swift fox ( Vidpra vclox) ' <* . 

Gray fox ( Vrocyon cinerroary^nteui?) ... 4 ; 


North American otter < Lutra hudi^o)iim ) 

American ?>adg:er ( Tuxidta t<txn.'f) 

Kinkajou ( Totofi c<Hfdu'oIvulns\ 


American civet cat { Bamu h<'i(-''axtntu§ i 1 

Gray coatimundi (Aa67<a lau'uvH | 1 

'Riici’Oim {Procyoii lotor) ' 27 

Black hear f Umm tima'icanu-'- 1 ^ 

(’innamon bear t Crms omf'r(cnnn-<} 1 

Grizzly bear \ Vrsiishorribilis'i ' 3 

Yukutat bear ( Urf‘it$ dalU) 1 

Kodiak l)ear ( rrum* middnidorjp.) I 

Polar bear i ThaUiMux imuHimuf) ■ 2 

California sea lion iZalopha-i califo) ni- | 

anun) 1 

Steller’s feea lion {Eumdopni<>Ulhri\ 1 

Harbor seal (Phora vituhnn i 0 


Common pocket gopher {di.uinijit bur- 

sanies') 

California pocket gopher i Thumtunys 

botti) 

Mountain pack-rat [yfotoiini rinncu).. 


American beaver ( Cndor canadf nxk i . . s 

Hiitia-conga [ Oipromy^ pfforidr.'^ i 9 

V>'(x)*\v]\\iv)^ { Arctoiin/s in<>'inx\ 1 

Prairie dt)g [Cynoniys Juiloi'iriniiii.'-) .. 37 

Southern fox squirrel iSrifnu.'t niyn 3 

Western fox squirrel {^nunisludofirt- 

anu-'^) , 

(iray squirrel \Srnirus rui 23 

Black ''ijuirrel {Sriiinif< i-uroliiu 10 

Moimlain chipmunk ( is • 
Becchey's ground squirrel (Spf-rnu}- 
2>hiUis </ra}n)nunt)<hn<'briii\ 1 


Antelope chipinurik iSj» nuophilii^ h >i- 

carus) 

Northern varying^ liare •Jjpii'-tuiitrt- 
caniii') 


Peba armadillo [Tutu nov' inruit‘tuin\.. t* 

Opossum [DuMphys inar^upialis) 4 


' Name. ^ Number, 

j 


M A MM A LS — eon tinned. 

JUontdicatfd and foniyn ttj}tcus. 

Grivet monkey { Ci reap ithrr tut tirisfit- 

viridift) 1 

Mi\cminemoukcy{JIaCiU'i{.<r//rwffioiffu^) 4 

Bonnet monkey {Macaciis i^inirub) 1 

Pig-iaile<l monkey (}farac)iit tirmes- 

//vrtWA) 3 

Japanese monkey {Macm^iis sjtt riosuit) . 1 

Black ape {Cynopiifirciii niyei ) 1 

Black-handcii .'•pi<ler monkey i^lttkb' 

ytoffroiji) i 1 

Apella monkey {Othii>. apiUu) I 1 

Capu<*hiii t ^'tbu< ('apuant/'ii ^ 1 

Ruffed lemur {Lrmur taring) 2 

Lion ildittka) 5 

Tiin-r { L'dis ta/risi 2 

Le»>panl < Ftii.t panhint 2 

siKUted hyena iJlyu nnrinrufai 1 

ytripe<l hyena iHuuna sfruifa] 2 

Wolf hound 2 

St. Bernard dog 1 

^^>inh•^ 1 

Bedlingtoii terrier I 1 

Sinooth-eoated fox terrier i 3 

Wire*hjiire«l fo.x terrier 1 

INkiino dog 2 

lWi\r i‘i\t { .intadit b/nfuroniD 1 

Mong«.Mive ( Ht-rptMCi} luunijo \ 1 

Tayra i G'dhc/cs 1 ‘ 1 


Red eoatimundi {.Xaftna rnftii 

<’rah*ea(ing r<tc<'<»on {pKnujun t'aurrt- 
vora 1 


Japanc'^e bear i Vt.<u<japt>nit‘U'] ‘ 1 

Sun bear » f'lst/ft t/odaytt/iUbi | 3 

Shith bear i Mtlur^u^ bibm(uit) ■ 1 

Kuropeaii hedgehog (AViaarfc--' turn- j 

p,ru,< i 1 

Wild hoar < Sut .'trro/a ) 2 

Solnl-luiofed pig (Nav .'cr/j/a ) 1 

White-lipped peccary ( 7'u//(i*.'a (db(- 

rosbvvi 1 

Zebu ( ouh'ca.-'i 5 

Carabao biibtdu^\ 1 

Yak i /*o#p//(f<;a ' ,'1.' > j 2 

Barbary sheep i One trayrlaphui*) 2 

Common g<ut [Capra h(rcnit\ 9 

Cashmere goat [Oipra bircuA 4 

Nilgau ( Iltt.eelophuit trarjaramdub) 2 

Indian antelope 1 I't rrit'iipra ) 2 

samburdeer i o, rru.e arididdi^) 1 

Philippine deer i Ct rnat pfiihjipinn!t)...\ 1 

Axis <Ieer ( f Vn-a* 1 

FalloM deer t/>a»ui vulyaris) 4 
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Animnh in Xntional Zoological Parl'y June SO, 1902 — Continued. 


XaniL'. I Number. , Name. Ntimbor. 


MAMMALS — euntirme'l. 

IhuhtMicakd . 

('onimon camel { f'nmrhi.s iJrt>innh.i)hiii).\ 2 

Bactriun earai'l {Coniflu.-< .. 1 

Llama {Auchintn fjJnma) 

i?outh American ta]‘ir ( Tnph'iK< nmfri- 

oanii.'i) 2 

Donkey [Equuii af^inin) 1 

Iiulian e]ei)haiit {E/fphnj'ift>hrni<'t I 

Kcua<lf)r Miuirrol [Semt u.<i'\n ' 1 

('reste<l agouti {Vnsi/prorta eristnUt) ...' 1 

Mexican agouti i Din^yprocfn mfu'icann\ 2 

Ilairy-rumped agouti t Dai<itproctn 

prinunolophn) 1 

A zara’.^j agouti {Dosf/jn'ortn o:ar:t > 2 

Aeouchy ( Dtiiiiipi 01 ‘fa aciiiu-h;i) ' 2 

(ioldeii agouti {Da?i/prodn nijuti) 2 

Albino rat Olns ratfu^') 5 

Cie‘'teri porcupine (Hysfiir cridata) ... 3 

Gumea pig ( Carta porcflhn^) 14 

Engli.'Jh rabbit il.fpvi^mnicnliib) 17 

Two-toed sloth {(.'hnlfrpt(.‘< dnhviyht}') . . 1 

Six-banded armadilhi \Da>i>jpn>i .vj-- 

t'i?irfus) 1 

Great gray kangaroo {Mnrrvpii.< pi- 
paiiti'Hh) 3 


Ked kangaroo {Mni'ropn^ )ufn!s) 

I>ru''h-tailed rock kangaroo (ivtiv/z/ob 
pniicillnia) 

BIRDS. 

Koad runner ( Gox.'oo’ii./- I'xli/orniaitUf) . 

Toucan ^Raniphadi^ toward) 

Sulphur-crested coekato<i iGnenlna 

iinh ritn) 

Leadbeater's cockatoo i/bcti/?/a had- 

hrntn'i) 

Ro>jeate cockatoo < Ou.-nfun i>h^ticapiUa\ 
Yellow and blue macaw ( .Ira nrmnu- 

ma) 

Red and yellow and blue macaw (Ara 

marao) 

Re<l and blue macaw ( rhinrnpti rn i . 
Hyacinthirie macaw {Anodoifiinirhus 

Ityarintfiinus) 

Chattering lory (I.ortvs ijiurulus] 

Green {>aroriuet {('finiirus ) 

Carolina iiaroipiet i Convnn' rmolinm- 


BiRDS — continued. | 

1 

Great horned otvl [Bubo virffiniumif^i.. 11 

'RaTTeA owl [Syniium nrhidosum I 2 

Bam owl (.S'tn'j: ‘1 

Bald eagle [Halkt’etus Iniroctphnhtx ) . . . 12 

Harpy eagle ( Thrasat tus hnrpiiia ) 1 

Golden eagle (Aquiln chrysattof- > ' 3 

' Crowned hawk eagle i Spizrntus roro- 

)UttUi<) I 1 

Ued-tailed hawk (iffdco bcmthM I 2 

California condor ( 0//uiuo(/yp> rabjor- ! 

nianu^) ! 3 

Turkey vulture ( Oaihartts nura) i 6 

Black vulture iCathariniantrafa) 1 

I King vulture {Gypmju^ papa) 1 

I Lanzan>tte pigeon ( roliimbnlirin) | 3 

' Ringdove (i'^hmha pnluinhui}) 3 

I Nicobar pigeon {i'ahi:na» vicohanca i 1 

VhaehiAaca {OHalh vetula rnacralUi ) 2 

I Ked-talled guan , 1 

I Dunbenton’s ourassow {Crax ilnnh^n- • 

j tf/ui) 1 

, Le.^cer raijor-tulled enrassou (.Vittiu | 

I' toinfutoi?<i) j 1 


Pea fowl [Pavo e)'i$tntui<) 

\'a 1 le}' pa rt ridge ( CnlUpcpIa enliforn ka 
vallktAa) 


II Mountain i>arlridge {(treortyx pirtui^)..' 1 

J !( Sandhill crane (G’ra.s- //a WobcG ! 3 

j Whooping crane ( Gras umerica/m I ! 1 

j Green heron (A)'dt’(i luVcmuif) | 2 

1 Little blue heron ' 2 

1 !j Great blue heron 7a. ojdow I i 8 

■j Blaek-erowued night heron \Xyr(i- 

2 j! o/rnx nyrtkornx nunuis) jO 

j Boatbill i ('oi'hUni m.s aji'hknnnt') ! 1 


1 j White stork (Cavou'a alba i 

1 I Black stork {Ormna utprnj 

^ Marab^ui stork [Ptptiipf i! u)^ cru mcuij- 

3 I eras) 

!i White ibis (/r«ar<( tdfxti 

2 ' Woo<l ibis f T'Uitnliiit hrubifoi i 

1 \ Trumpeter swan ( bcpcf/jator) 

I IMd.stling s\ean i Ohr cob/nibiniiini) 

1 j, MulesYvan \ Cyyun.'i ythhn^) 

2 ll Brant ( Jimiitn hnuirfu) 

2 ij Canada g<»os<* < ( 

\ Hutchin’s goose \ Dranfn ca/mf/c/oo- 


in.<) 

Yellow-naped umaz(*n i Amaz<n\n<tiirfj- 

pallinVi. ) 

White-fronted amazon lA- .,-//a b h- 

oir^phnln) 

Double yellow head i Ainaz'niti otafiij ). 
Mealy amazona f Awazona /nrinosa).,. 


hukhtnxh) 

Chiru's'e g«>ose ( Aus* r cypnoidf s] 
Greati-r simw' goos^.. {rhtn fu/pn'h^nn 

nil alt .-- 1 

W<hm 1 diK'k (Air npun.-a ) 

Mandarin duck (litiidroiu pakn<- 
ulata) 


1 

2 

2 

i 


8 
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AiiinKtlii in Xationtfl Zoolfujirnl Parky June SO, < 'ontiniied. 


XaiiiL- Nji»i)>er. 


BiRD'^ — continued. 

Pintail {Dnfihi acubi^ 1 

Pekin duck i Ah'}^ >'p. ) 

Mallani duck hin^rlut^) 2. 

Common duck I .l/JU'' 'Z 

Americaii tree duck {])r/nh'i>iy//nn 

<l)<coloi) 1 

American Mhitc pelican {PcUcanin^ 

rrijth) nrhi/niSnti ' ) i> 

Brown pi'liean { Pih rainix '> 

Florida (-(innorant i P/ndat iiit‘oin.r 

<}iP}jdinf tiorl(}n)ni.'^\ :! 

Snake bird (Anhhnja <uihiinjn\ 2 

Common rhea ( A’A^i nmfriranii) 1 

CnsN)\\ary i f'lt.'iifu-in.-t iiuA)nP.s-\ 

Kinu ( Ihoni.ni^ iifirn-fnillnitfliir) ' I 

Hi.i’rn.K.'' 

Allisralor •^AUnjntut lo 

American (TO(VMliIe (CrocodipK ann.ri- 

c<infi>\ 2 

PaiiUf'd turtle i f'hn/xnu/'^ pn'tm t, 

turtle {AlVZ/n/Ah/fif- D'hinfOo 

Mud turtle A'.'tnoi^Urnniv jtf unsi/lnnn- \ 

cum) 1 :> 

Terrapin (Psrufkwff.'- ^[> i ^ 1 

Gopher turtle ( A' / . 1 

Box lortoSo [Ci^'PnloinioloKt) 2 

Three-toed box torlcu'c {Cndtcri-'ti/iui- j 

i a 


Xame. Xuniber. 


REPTILES — continued. 

Psiiiiled tjox tortoise i CktmJo <» nnfii . 5 

J)nncan SJarid tortoise ( Ta-tinPi t phtp- 

pinni) 2 

Albeniurle I-laiid tortoise ( Psfmln 

t k‘hm > 2 

Brazilian tortoise i TtMudo tnhnJdtn ) . . . 4 

Comb li/ard i <V inji^uiii n sp. ^ 1 

Alli^rator li/ard sp. j 1 

Honied Ii/aid ( /yo 7 /a(^i.v>///// c'o /o/ho // 1 - 21 

tllass snake- < Op/ii(»nnni-^ n ntrnlDi i 1 

Gd.i mt>nsU-r { IP/odn-i/m sK.'-pf \ . . . 5 

lhamond rattlesnake i Cro/u/a.' adn- 

iinink n>>t 2 

* 'opjierhe.id ( Anri.sti/uto/i rmitorfi u 4 

Water iimccasin i Aiii'idv<iib>ii pi'-ci- 

/•/>///>) 8 

ruban tree boa k F.pU-rnU < nn'tnhfn \ ... d 

(.’oiiunon bo.i ( IPm lonufrn'kti t 12 

Anaconda i Emu •'(>>> inn t’inn<) 2 

Bull snake ( Pif'/ophin soy/ Af//// , y 

Blai'k snake i P.nsnintnin eoasb /ch/r i . . . y 

Kiiut snake i O/z/i/b'/Za-* </' b//»s ) 4 

Mdk snak(‘ Ofphdmlni' d<>Untu'‘) 1 

<;nrter snake {Entinun 2 

Water snake i .Vo/< m aipohni ' 2 

IIo^^-nosc<i snake {}htmid<>u pkihfihi- 

aast 1 

<iopbei siiake ( ''/ob't/ ' c«»/ <f/> co//p» / // 1 . »> 


J.ixi of i/rcffismfn'i for tin' timr • inVmij Jnm SO, lOitA. 

ANiMAL^ rKI>KX rKI> 


Xiinic 


(*ot(o{ 


X'umber. 


Cebiis inonkt-y K. H. }'tnin.o'h«-r. Cnitoil States consul. Maracaibo. Vent /- 

uela 

Wliite-lliroaleil capucliiii . . . Mrs. M T. Baltic. li«M'ky Mount. X. C 

1)0 Perry >i. de L«‘on. I'nited States consul-general Cuav.itpul. 

Kcuador 

Canada Iviix Stephen Gheen. Tower Minn 

Cross fox X F >kjnner. Bamror. Me 

Gray fox ^Irs (r. W. Gilmer. Howards\ file. A’a 

Mon.ifoose s !> Xix«>n. Baltimore Md 

Raccoon ]{, Burrows Washinirton. I) C 

Do c n. Fhrbardt. Washin.Rton, D.r 

Harbor seal John H. ^tarin. Glen Island XY 

Common goat F. <1. Seggers, Waslnngton. D C 

Donkey Mr^. L (>. Leary. Washington. D C 

Black squirrel Miss M t’. H Pukelt M.irshville. Dntario 

Ecuador squirrel Perry M de Leon. X'niied ^^tates<-on«ul-general. CTuayaquil, 

Ecuador 

Prairn- dog Dr. Joseph Price. Philadelphia, Pa. 

SM 1902 6 


I 

1 

1 

1 

1 

3 
1 
1 
6 
1 
1 

1 

4 
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Lht of for the fiscal iienr rmlhuj June ^iO, 1^0 ' — (’oiitiiuied. 

ANIMALS PKKSENTKD— (‘oiitimicd. 


Name. 


! 


Donor 


Number. 


American beaver 

Hutiii-cunga 

Mountain pack rat 

Azara’s agouti 

Canada j)orcupiiie 

Two-toed sloth 

Nine-banded armadillo 

Opo.s.sum 

Do 

Common crow 

Black-headed jay 

Chough 

Toucan 

Sulphur-crested cockatoo . . . 
Yellow-naped amazon 

Barred owl 

sjairrow' hawk 

Lanzurottc pigeon 

Nicobar lugeon 

Daubenton’s curas.'‘OW 

Great blue heron 

Little blue heron 

Black-crow'iicd night heron. 

\V<'Rxl ibi" 

Greater snow g<M).se 

Alligator 

Do 

Homed lizard 

Iguana 

Mexican comb-lizard 

< dla monster 

Handed rattlesnake 

Do 

Do 

Water moci'a''in 

Copperhead 

Do 

Tree boa 

Cuban tree boa 

Black snake 

Do 

King snake 

Do 

Garter snake 

Do 

Water snake 


Oscar J Craig, president I’nivcrsity of Montana, Mi'^'^oiila. 
Munt. 

Lawrence O. Wilkins, Washington. D. C 

James Fullerton, Red Lodge. Mont 

Derry M. de Leon, ITiited Statescoiisiil-general. Guayaquil. ' 
Ecuador. 

G. Dewitt, Alexandria Bay, N. Y 

E. n. Plumaclier. United States consul. Maracaibo. Venez- ! 
uela. 

F. Hardman. San Antonio. Tex 

The President of the United State" : 

J. H, Cranford, Washington. D, C [ 

P H. Willis, Wa.shington. D (’ ! 

JauK*" Fullerton, Red Lodge. Mont j 

Solomon Berliner. UniuMl States <'(»nsul, Tenendc. (’anary | 

Island". I 

Perry M. de Leon. Uiute<i states consul-general. Giirtva'juil. 
Ecuador. 

Mrs. A. L. Barber. W.ishiiigton D. C ; 

I*erry M. de Leon. United States consul-general, Guya<iUiI. | 
Ecu.idor. j 

Major J. S. Turner, Washington, D. C ^ 

Frank Fabri. Lombard. Ill 

•Solomon Berliner. United States <-on"Ul. TeiienlTe, < ’anary ! 
Islands I 

D. A. Barno". Wa"hington. J>. C ‘ 

Hon. Charles II. Allen, governor of Porto Ri<-o. Lowell. MusS.' 

J, L. Murphy. Wasliington. I>. C ' 

Perry M. de Leon United State" (Muwil-general Guyaquil, i 

Eeiiador. 

Donor nnkiiow ii 

A. M. NielioNon. crlando. Fhi ^ 

Dr. .\ M Heed. Washington, D <’ 

Mr" A Lanea"ter. Wa"hmgton, D <’ 

fir. G. B. CainplM-ll, Wa"hington. J) (' 

E. Meyenberg, I’eeos, Tex ! 

Donor unknown ithrougli Major F. von Sehra<ler. S. A > 

L M O’Leary, Wa"hingl<*n, D. C ! 

Dr. M M. <Ti>eker, Lord"barg. N. Mex 

J. D. I'owell. Harpers Ferr\. W. Va 

George W. Colles, Washington I>. C 

G. I’lilliani. Harrod"burg. Ky 

A. M Nii'holsoii, Orlamlo, Fla 

C. H. Kreh. Frederick, Md 

J. G. Dudley. Friendship, N. < ’ 

Donor iiiikinuvn u oIleete<l in Porto Ricoi ' 

August Biisek. Washington, D. C 

U M Sandford, Washington, I>. (’ 

(i. Pulliam. Harr«)dsburg. Ky 

Dr. I. W.Blaekburn.St Eli/aibeth. D. (' 

F. MeGiatb. Washingi<m, D. < ’ 

United States Patent Offn*e 

Donor unknown 

United States Patent 
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1/i.st of <trce>isi<nis for thi' Jisrni i/ror enduoj Junr .Wj IWU — (’oMtimifd. 
ANIMALS LKNT. 


Name 


Dom )r. 


Number. 


Black-handed spider mon- 
key. 

Do 

Cebus 

Yellow and blue mue.iw 

Hyacinthine macaw 

Chattering lory 

Y’ellow-naped amazon 

Do 


Mrs. Nathaniel Page, Chevy Chase, Md 

M. Magruiler. \Va''hiiigtoii, D. C 

Perry M. de Leon, United Slates eonsul-gt'iieral, ( iiiyaqiiil, 
Ei'uudor. 

Hon. W. B. llidgeley. Comptroller of the Trea-ury 

Mi'-s Ethel R»M>se\elt, Washington, D.C 

Capt. H. G. Lyon, U. S. Army 

Mrs A. B. Williams Washington, D.C 

IVrry M. deLeon, United states I'eui'-ul'general, Guyaquil. 
Ei-uador 


1 

1 

1 

1 

1 

4 


ANIM.Vl.S KKCKIVHD IN KXUllANGK 


Polar bear 


Wjlliam BurteK. Neu Yoik 


Stripe<l hyena 


A(*udad. or Barbary sheep. . . 

Common goat 

Axis deer 

Southern fox s(iUirrel 

Black sipiirrel ! 

Nicobar i>igeon 


Frank C. B{»stoek. Boston, Mas'* 

The Zoi>logi(‘al Soeiel>. Loinlon. Englaml 

William Bartels New Y(»rk 

E. S. Schmid, W'a>hington. 1>. C 

New York Zoologi«-al Park. New York 

E S Schmid, Washington. D. C 

Thomas W. Gibson, superintendent for i>arks. deparimont | 
of Crown lands, Ontario. Canada. 

William BarteN, New York 


1 

1 


•> 


1 

8 

,s 


>) 


ANIMALS PURCHASED AND COLLECTED. 


Name Number 

Pig-tailed nionke\ i.l/-nac/o mmotn- 

nut-) 1 

Japanese luonkt'V i .Vicvca' '■jm-toyii'-i . 1 

RiilTed h‘iiiur \Iaiiiui of/o/.M ’2 

Puma (fW/.v rnucubn i 1 

Yagiiaruinli (Mt \ ijttiio’iiiroinrln .. 2 


Eyra eat < Fdis > imi) I 

B<i\ \\\ix { f.i/iix ni/ui') I 

Florid, 1 1\ nx ( Li/fix /•a/a'/Zore/a/o/.'* o . . 2 

Bailey’s lynv iL/jiu huthiin 2 

Striped h\ eiia i iD/a nn lotn i 1 

Gray w olf i, f Vau' i/wsw/' I 

Bear eat i-l/’ctieh-' 1 

Kodiak bear i iitiddC7ido]Jh i 1 

Japanese bear i. Vr>u> juponicua^ 1 


Sun bear i I'rsnb vialniinini.' t 2 

Collare*! j'eeeary i T’u^U'-'a niioiddtuini. 

(,’<ir.i))ao I biih'ild ' ! 

Ko< ky Moiint.iiu 'heel* ' 1 

1 

('< iliiinbia bl.ick-t ailed deer i Oihx <idi us 

coUnidnaiiio-) 

A'- s deer [Fervus axif,) 1 


Name Number. 


Fiillow { Jhimn ‘ 2 

^bM^s^" t .\b i ' mil* I irififi/.-'t 1 1 

South Aniellcan t.ipu i 'Fipau.-^ tuuno | 

! 1 

Aiiierieaii beavei o U'/oi . .j 1 

Nuie-bande<l armadillo { I'lifu miiiiii- 

riiirtiiim 2 

Kef] kangaroo ( MdCnquo^ i ii/h.'- i 8 

Golden e.igle iAiind^i rfii i/^lu fo.^i 1 

1 alifoniia < oiidor rnhftir- ^ 

//ea/H'i e 

White sturk { ^'it •ini*i (dint) 4 

Blac k sttirk 'imnta nifun ) 2 


M,irab<ai sn)rk {L<.ptiqddu^ cruiio./iij- 

^ / i/.s ) 2 

W’ihid iliis ( 7>adu/«s‘ Zo<.///ofon ' 4 

Trumpeter s\\ an iCdui hinrinnthi i ' 2 

I W’o«h 1 duek ( ,Dj* .syH»y<s#j 1 ' 4 

I C.is^owarN i f 'iii-U'ti ftit' m(d) idi'>\ 1 

I Diamond latllesiMke i • ’I'ltidii.'- iida- i 

j iioiuU II') 4 

j G«*pher sijftk.,* iSjn/oh.i. eoan.' 6 


j 
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List (if artyssi/jns fo?’ the ti'fraJ i/e*ir t-ivViyj Jmn' SO, 190 J — CVnitinue<l. 

ANIMALS BORN IN THK NATlONAl. ZOOLOIilCAL 1‘ARK. 

Namo. Number. Name. Number. 


Liuii [F(hs ho) ; *2 

< ir-iv u oil I ru/z/s i 7 / /.'/"//isi ' I 

Vi( {lo J<).\ I Viilpi ' tdpiipiiA 9 

X iruumu iloer i ii.-i rni/iiitmiuit) . ♦* 

Llk \ f 'f.ri us riut(i(Jin''is] o 

Fallow deer {Dntna viitijuri'^) 1 

Llama \Auch(nia(/tani<t) 1 


Prairie do^ ( f'ynoniys liidovirinnu'^ i 5 

American beaver ( Custor ciuindi nsi ^) . . 2 

Hiitia-eotig’a 

Aeouehy {Ddsypractd aanirhy) 1 

Brii«h-tailed rouk kangaroo { Pdroijah 

prnlcilldto) 2 

Bull ‘‘iiake ■•.-fl?/;' c'.-o///) 26 


ANIMALS ( APTI RHI) IN THK NATIONAL ZOOLOdK'AL PARK. 


I 

Name. I Number. 


Raeooiin iPrucyon laton 


ANIMALS KKOKIVKH FRo.M THK YKLLoWSTONK NATIONAL i'ARK. 


< rriz/ly hear i Un^us hot / ihiHs > 1 

Cinnamon bear i VnsHu (nuf'i iranus) ^ 

I'fong-lioru antelope [Antd(ic(tpi'(i anu liunnn) .j 

Mule deer ( Odvt'oih us tu intouus) 5 

Klk I f'ovit'- ('fiii'idcnsii} 5 


SI'MMARY. 


Animal- on hand July 1. I'JUl ,S 7 ,s 

Aeee-sion- during the yeiii I ;}14 

Total ' 


Deduct lo-- ( by exchange, death. an<l returning oi uniiiial-t 

On liand June 30. l‘A'2 .. 

liespect fully submitted 

1‘ K \ N K l>VKKK, Su p! I'llifi ndt'nf . 

Mr. S. r. LaMtLEV, 

Secrdanj <>/ fhu Stnithsoffm/i J/ist/tuhnn, 




Smjthsonian Astrofhtsical Observatory. 





AvpKxmx V. 


REPORT OF THE WORK OF THE ASTRUPHYSR'AL OBSERVATORY FOR 
THE YEAR ENDIN<J JUNE .JO, 


Sib; The kiji(R and amount.^ of the OKservatorv proj)erty are ajiproxitnately as 


follow.s: 

Buildings SO, .JOO 

Apparatus JJ, .'!00 

Library and records 0, 000 


Total 4.J, 000 

During tlie j)ast year tlie ac(juisiti()ns«f projicrtyof tlie kinil just cnuincraterl have 
been as follows: 

(a) — Astronomical and pbysic:rt apparatus lias been purchased at an 
expenditure of 82,000. 

(b) Library iind reconh . — The library has been enlarged by the addition of periodi- 
cals and books of reference at an expenditure of 8200. Books ainl jieriodii'als have 
been bound at an expenditure of 82.i0. Total for library, 84.')0. 

The observatory inclosure, shown in Hates VI, VIl, has been enlargeil by the addi- 
tion of 10 feet along its northern end so as to bo now 15.o by 77 and to include nearly 
12,000 square feet, as against 11.000 square feet formerly. The photographic building 
has been removed from a position west to a position north of the sidero.-tat, and the 
buildings and fence have been repaintisi. These alterations and repairs have been 
made at an expenditure of .84tX1. 

No losse.s of property have oci'urre<l. 

The Work of the Observ.4tokv. 

For convenience, the work of the Observatory will be desiribed under the fidlow- 
ing heailings : 

1. Publications and miscellaneous work. 

2. Progress of investigations, 

) 1 ) and nlna-rlhtnran.s trai'l. 


In accordance with a resolution of the Senate of the United States," a report was 
submitted by you at the meeting of Congress in DceemlHU', showing the aii|jro|iria- 
tions expended, results reaidied, and present condition of the work of the Astro- 
physical Ob.servatory. This report consi.sted of a brief statement of the foundation, 
aims, results, and present condition of the Observatory; a copy of Volume I of its 
Annals; a preliminary report of its eclipi-e expedition of ItlOd; and several state- 
ments t by eminent foreign and dome.stic men of .science, giving their views of the 


"Senate re.solution of February 2.7, IhOl. 

6 As indicating the nature of these statements, I here give extracts from two of them: 

“I can not deny myself the plea.sureof congratulating you on the accomjdishment 
of thi.s vast and important labor. When I think of what it must all have been, I am 
lost in admiration at the work.” — Sir (4. (i. Stokes. 

“To anyone who is conversant with the astronomical work done in recent j-eai’s it 
seems v. holly unnecessary to testify to the immense value of the work done at the 

8.5 
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merits of the Observatory and its works. This report was referred in the Senate to 
the t’oiuniittee on the Lilirary and ordered to he printed witli all its inelosures. It 
therefore la'caine neee.ssary to supiily some new copies of illustrations for the 
enjrravers, and ojiportunity wa.s offered to correct a number of errors discovered in 
Yolnine I of the Annals, so that this new edition, forming a part of Senate Document 
Iso. 20, is Cl insiderably improved. Tlie preparation of the first drafts for the report, 
the jirei)aration ( if new illustrations, and tlie readin*^ (jf ]iroofs naturally occupied con- 
siderable time of the Observatory staff. Several humlred copies of this edition of 
the .Vnnals were secured for the Observatory, and thus it will he possible to supply 
a limited number to those who may from time to time make request for them. 

Of the numerous inquiries addressed to the Institution by correspondents all over 
this counti-y and the world, many relating to astronomy, physics, and chemistry are 
referred to this Observatory for answer, and thu.s an amount of time by no means 
tritlino is spent on work of no immediate coneern to the Ob.i^ervatory researches. 
However, the search for the information askeil for so frequently leads to obtaining 
knowledge of value in our own work, that it is on the whole, perhaps, time well 
spent, independent of considerations of the convenience of the Institution’s 
corresjiondents. 

( 2 ) Priiijirxt! of ini'txt'KjiitioiiH. 

The sohir radiation; Its total oinouut and its absorption. — A'ou showed long since that 
ordinary actinometry, or measures confined to the investigations of white light, can 
never furnish trustworthy data in relation to the output of the sun, since the 
ahsorjition of our air is so different for different wave lengths that it is only by going 
further and e.xaniining the spectrum in detail that satislactory results are obtain- 
able. This kind of energy spectrum wi^rk has been taken up very extensively here 
in the past year. 

The ■'.olar cneri/i/ spedrnm . — The early work of this Db.servatory descril led in Volume 
1 of its Annals was chietly concerneil with the minute absoriition bands in the infra- 
red solar spectrum. As all readers of the \nuals are aware, automatic prismatic 
energy curves were made by the aid of the holographic process, and such inflections 
of these curves as were found not accidental in their origin corresponded to the 
so-called Fraunhofer lines of the visible .s;)ectrum. Less attention was paid to the 
whole height of these I’urve.s at their \urious j)art.s than to these numerous .small 
variations in height. Still, a chaiiter -d tiie .'iimals was dcvotisl to the inferences 
relating to the ab.sorjition of our aiii..os|ihere w hieh could 1 h- drawn from the data 
relating to sei-ular variations in the .eiieral form of the curves then available. lUit 
since the curves were taken at a .slow speed to allow full time iur recording the 
small inflections, the total height.s were less comparable, owing to possible changes 
in the transparency of the air, the altitude of the sun, and the beha\ior of the apjia- 
ratus which might intervene between start and close of a curve. 

NKW WIlEiK. 

The absorption of the atmosphere and oj the solar I’nrelope. — This present year<'are has 
been taken to obtain energy curves whose heights shall be comparable. It was the 
purpo.se of thi.s woik to study the general ahsorption of the sun’s envelope, the gen- 
eral absorption of the earth’s atmosphere, and the changes in the selective absorp- 
tion of water vapor in the latter. It is the further object tow ard which these studies 

AstrojEhv'ical ( )b.“ervatory under your suiEciintendence. The bolometer, which 
science owes to your inventive resource, is one of the boldest and most ori<dnal 
instruments ever devised for scientific research. It permits the exploration of a field 
which is entirely closeil to any other means of investigation. The manv results 
which you have obtaine<l with this instrument are deemed by all astrononu'rs of the 
very highest importance in the study of those parts of tlie spectrum concerning 
which we should otherwise have remained in ignorance.”— Hir Koiskrt S. Bai.l. 



Plate VII 



Ground Plan of Astrophysical Observatory and Inclosure as Existing June 1, 1902 




Plate VIII. 



bULAH LNI liGY .SpCCTHIIM CUIIVL TAKEN RY BOLOGRArHIC AIT'AHATUS IN 1b MlNUTLL 
' lA'.iin t HI oil l)_\ ^!nuu■I’ av VIu-m- imnils to ilatiitu iuttrl.>’. | atu ouIui’ll'1. 
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tend to see if the sun is constant or variable in its output of radiation. While the 
results of the past year indicate po.ssihility of considerable ultimate success in this 
final object, it may probably prove that the situation of this Observatory is unsuita- 
ble to the most exact studie.s of thi.s kind, owing to the great and variable absorp- 
tion of the air column above it, as well, of course, as to the ground tremors inherent 
in its present site, surrounded by the traffic of city streets. It seems certain, how- 
ever, that valuable contributions to the methods of study to be a<lopted in work at 
more favorably situated stations, and to the knowledge of terrestrial absorption, can 
be made here. 

AltcratioM oj the appamtiia . — For the sake of accuracy in the height of the curves, 
the speed of taking energy curves has been much increa.sed. Thus we now custom- 
arily adopt the speed ratios 2 centimeters of plate and 20 minutes of arc of spectrum 
in 1 minute of time, while the ratio 1 cm.= 1' = Im. wa.s the standard one adopted 
for the detailed study of the infra-red s])eetrum. At the present si)eed the spectrum 
between wave lengths 0.45 p in the blue and 2.5 // in the infra-red is passed over in 
fifteen minutes. Huch a spectrum energy curve is shown in Plate VIII. At this 
fast speed much less opportunit}- offers for “drift,’’ alteration of sensitivenes.s of the 
galvanometer, and, what is far more common, for clomis or haze to diminish the 
accuracy of the work. In order to keep the behavior of the api»ratus as constant 
as possible and to get the best possible detail at this rapid speed, the great glass prism 
has been employed in.stead of rock salt, thus limiting the research to wave lengths 
less than 3 /i. But this includes nearly all the solar radiation which reaches the sea 
level. To avoid extra reflecting and absorbing surface.s as far as practicable, a single 
mirror is used for collimatioii of the spectroscope in place of the two employed for- 
merlv when great detail u as sought, ami the bolometer ease is u.sed oj)en at the end, 
although a slight amount of accidental disturbance of the record is involved on 
windy days. In the interest of the greatest detail jiracticable at the fast speed, it 
was most desirable to shorten the time of swing of the galvanometer. A new gal- 
vanometer of most approved design has been constructed and has been in use since 
December, at an average time of single swing of 1.5 seconds. This type of galva- 
nometer is in some resj)6cts, I think, new and wru'th a brief description, which will be 
found on a later ])age. To avoid erroi-s from differences of diffraction from the edges 
of the slit, the slit width ha.s been maiiitaineil una!tere<l at 0.25 mm., subteiuling 
10.5 ,'econds of arc in the spectrum. Its height, 5 centimeters, has been virtually 
reduced to 2 centimeters in tlie infra-re-l portion of tlie spec-tram by the expedient 
of interposing aero.-'S it at the pi-oper time a l>i-a.“s grill-sliajced diaphragiic, which, 
being ti.^ed upon ]>ivot bearings on tlie slit iiiounting, always occupies the same 
place when interposed before the slit. The factor of this diaiihragm can he meas- 
ured by the aid of data found on each ciine, hut tlic results are constant within the 
limits ill' measurement. Bolometer NT>. 2(1, of O.OS millimeter width and snhtcnd- 
ino 10 seconds i if are, has 1 icen used for the entire year. This bolometer has lieen in use 
neavlv all the time since it was made in ISOtj, and always with great freedom from 
drift anti other disturbance, t-^oon after my return from Sumatra 1 suggesteil, and 
you can.sed to lie constructed at tlic Oliscrvatory sliot>, a niore imiirovcd type of 
mcclianical rlieostat for tlie bolometer, which ha.s been used since with great satis- 
faction. Drift of the galvanometer siiot now rarely reaches 4 centimeters in a day, 
and it is rarely in exces.s of 2 millimeters upon an energy curve taken in fifteen 
minutes. So firm is eonfideiiee in the behavior of the iMdometer that the imshnnted 
o-alvauometer is left in connection with the circuit weeks at a time. Mo rebalancing 
of the eireuit is required for a month at a time. One can now prepare fur holo- 
graphic work one day and the next merely start the si.lerostat and the driving clock 
with practical certainty ot securing a good holograph. 

Th>' Iihsorpthm tin’ uppurnUi^.—Xn order to know the true distribution of the 
ra.liations througliout the spi-. tnim, it has been neeessai-y t.i determine the absorp- 
tion of the spectre iscojie. As mirror surfaces deteriorate, this has to Ije done not 
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infrequently. The procedure adopted has given the absolute loss by reflection at 
the siderostat mirror for all n ave lengths, and the relative loss for the .several wave 
lengths in the remainder of the ai>paratus. Without here detailing the procedure at 
great length, it is suffleient to .say that the operation con.sists of two parts. First a 
second spectroscope is set up who.se spectrum is formed at the .“lit of the first. Here 
the bolometer is placed and its indications read for several i^oints in the spectrum. 
The lx>lometer is then replaced at its usual stand and energy curves of the small 
portions of spectrum it has just been measuring are taken. These bits of sjiectruni, 
it will he seen, have suffered absorption in the maiu spectrusi'ope since the corre- 
sponding deflections were first taken in the first spectrum at the slit. Therefore the 
several quotients of the areas under the hits of energy curve to the deflections 
obtained prior to absorption are in proportion to the transmission of the spectroscope 
at the several wave lengths. 

In the se<'on(l jiart of tlie procedur<‘ two freshly silvered mirrors are placed parallel 
to eacli otlier m sucli a way tliat the heaiii of the siderostat mirror strikes tiie first, 
is reflected to the second, and tlience to the spectro.scope. This cause.s the spectrum 
to be weaker at all wave lengths by loss experienced from two reflections than when 
obtained witli the l)eam from the siderostat mirror direct. Thu.« is the absorption of 
the two mirrors ileterniiiied, and by replacing tlie siderostat mirror temporarily by 
one of them, its al)sorptioa follows at once. The.“e determinations of tlie ah.sorption 
of the apparatus liave been iiuvle .“cveral times, but I will not here give their result.« 
more in detail, which are in general accordance with those already reached by you. 

Ahxorption o f the (ttinoyj/here uml xelerlire iilmji-ption of voter rajwr . — Since January 20 
all favorable op]>ortunities have been u.“ed to take quick .speed energy curves. These 
have been made witli (pute ilifferent altitudes of tlie sun. Sometimes as many as 1.5 
have iieen taken in one day, and 100 were secured lietween January 20 and July 1. 
The.se curves are studied from two points of view, first, as regards the variation in 
height for single wave lengths with different altitudes of the sun; .second, as regard.s 
tlie variation in area and especially the areas of the great regions of water-vapor 
ah.sorption. The first kind of examination leads to the determiiiatiou of the general 
ahsorptioii of the air, tlie second to fixing tlie variations in amount of tlie solar rudiu- 
tioii and of the special selective absor]>tion of water vajior. 

To illustrate the first metliod of study, let us suppo.se several energy curves to have 
been taken m a single clear day, during whicli tlie liarometer lieiglit was (15), and 
let (r>„) be the standard I'aroiiietric height, generally taken us 7fi cm. From the 
altitudes of the sun as computed from the hour angles and decliiuition, the air mass 
(m) is deteriiiiiieil. This (piaiititv repre.seiits tlie ratio whieli tlie mass of air traversed 
by the solar beam iiears to tluit mass of air which would be traversed if the sun was 
directly overhead. If ive siippo.se |c) to represent the amount of railiant energy per 
square centimeter of a certain wave length which reaches the earth’s surface and 
(('„) the amount jirior to lUisoi'iitioii liy tlie eartli’s atiiios[iliere, and let (el he the 
proportion transinitted per unit air mu^.s, then by the well-kiiouii formula of 
Bouguer : " 

B 

, '"r> 
e~rjt !>., 

But since tile heiglit {<!) 'if tin- holograiiliie energy curve at tiie \\a\e length in 
question is proportional to (rl, we may write: 

1 ! 

'"b;, 


"As you have pointed out, tliis formula is grossly abused frequently in that \<n is 
treated as if constant for all waveleiigtiis. Tims entirciv erronciiiis results are 
reiictie.1. The present use of tiie formula merelv assumes (a) constant over the 
extremely narrow region of s,aTti-um covering the iiolometer strip at anv given 
instant. As thus applied it n believed tliat good results are reached. If single wave- 
lengths were m question it i.- believed the formula would he exact. 
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where ( A) is an instnimental factor connected with the width of the slit, the ahsorji- 
tion of the optical surfaces, the iiuality of tlie Ixjlonieter, and the sensitiveness of the 
eaivanonieter. We may assume (c,,) and {!,') to he constant for the short space of 
time occupied hv one day’s ohservations. AVe then oidain the following; e(juation; 

loar. (d)=tay^ ]o^. (a)-t- log. 

of which tlie last term is constant. This e(|uation is in the form of the ecpiation of a 
straiglit line, so that if we make a plot in which heights are proportional to 

logarithms of and horizontal <listan«*es to values of ), tlie various ol)serva' 

tions should determine a straight line the tangent of wh<»se inclination is the iiuan- 
tity log. (f/). 

The procedure has heen followed with many of the eiiergv curves already taken, 
and fnnu results (tf four of the clearest days I select the folhtwing data f<tr a few 
wave lengths, grat)hieally re[)resented in Fig. The coetUcient.'^ of transmission are 
the percentages of the solar radiation of the given wave lengths which are transmitted 
hy a vertical column of air at standard l>aronietric pressure. It is not the seh‘ctive 
traiismi.s'-iou in hands, hut tlu' gem*ral transmission at the uivtm wave lengths whieh 
is here in «piestion. 



Fio. '■>. — Tht‘ tran.'^pareJicy of the earth’.'. atmo>pliere. Horizontal vcale repn‘''ents wave lengths. Ver- 
tical .scale extiibits proportion of incWent light transmitted by > ertieul cobnnn of air at -tandard 
barometric j>resciirc. 


Proi'inniiml of rofjfirtf'iifa of olin<ni[tln ro' 


— 

Wu\e leuiith 

I>ate Range of air ina^s 

0. ('•tjfi. 1 
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It will be noted that though the agreement of these values would mjt be held 
very close in some Hues of j)hysical investigation, yet when it is taken into account 
tliat an iiuisibly thin cloud or an unaccountable disturbance of the galvanometer is 
sometimes sufficient to make an enei’gy <’urve erroneous, the results promise well. 
It is yet too early to do more than call attention to the depression in the curve in 
the yellow and green at about 0.55 n. This may l)e due to the absorption of water 
vapor, but experiments here given are preliminary. Eesults of interest apjiear 
probable in relation to the a2ii>licability of Bouguer’s formula to wave lengths where 
selective absorption is active, and relating to the variation of atmospheric absorption 
through the ilay and through the year. It will be observed from the preceding table 
that the general absorption is least at wave lengths 1.05 /.t and 1.30 fi in the infra red, 
where the transmission coethcient rises to 95 per cent. 

.Vs an illustration <if the results obtained from measures of areas, aud representing 
total radiation f(jr considerable ranges of wave lengths, I call attention to the diagrams 
of Plate IX. In these diagrams the horizontal distances represent the time ( if the year, 
the vertical distances the corrected areas or total radiation received, corresponding to 
certain selecteil pi irtions of the curve. The observations on which these selected areas 
are based were all made at or near noon. In order that the several spectrum energy 
curves might be comparable as regards instrumental conditions, all the directly meas- 
ured areas were multiplied by a factor chosen so that, as corrected, the curves would 
all be of a uniform height of 10 centimeters at 1.05 n, where the transmission, as I 
have just pointed out, is greatest. The upper line in Plate IX rejire-sents the total area 
included under the energy curve l>etween wave lengths 0.70 /( and 1.98 g. The lower 
full line includes the summation of several portionsof this area known to be least subject 
to diminution by the absorption of water vapor, namely, the regions 0.97 /.i to 1.10 
l.lOyito /(, 1.49 // to l.S2/(. Crossing it at many point.* is a dotted line repre.sent- 
ingthe summation of the remaining areas, including thegreat water vapor bands of the 
infra red ti p a wave length of 1 .98 /(. These curves ( pn ih mged through July and August 
for additional interest) show how important are the effects of water vapor on the direct 
radiations we receive from the sim. In order to comjiare the .several jiarts of the 
curves justly, times equidistant from the June solstice should be .selected so that 
equal air mas.'cs are traversed. The differences in air mass are not sutticient to iiro- 
duce much effect upon the general ab.sori>tion in this region, but affect the water- 
\apor absorption appreciably. It will be seen that the total solar radiation in the 
region between 0.7ti n and l.tts « was on an average fully 15 jier cent greater in March 
of this present year than in .Vngust, on account of the greater absorption of water 
vapor. Comparing the siqiarate jHiint', it max he seen that the xariation in water- 
vaiior absoriition, while, as we have jn*! seen, on the whole seasonal, is vet verv tlnc- 
tuating from day to day. Tims, for example, it could he inferred from a discii.ssion of 


the curve in March that in two apparently equally clear davs o| thesame week there 
was a iliffereiice of 15 percent in the solar i ad iation received, oxx ing to the difference 
in water-vapor absoiption. In sharp contrast to the xariahility of the areas of the 
water-vapor absorption regions is the behavior of the remaining portion of the sjiec- 
trum. This contains .some secondary but 'till considerable water-vapor bands, 
.'O that some fluctuation still remains. But it seeiii' iio'.sible as a result of this studv 
that certain large region', notably that between waxe lengths 0 97 /i and 1.10 /i, are 
so nearly unaffected in area by any terrestrial atmospheric absorption that they can 
serve to indicate if the total .solar radiation tluctuatc' from vear to vear 


A/eorptiVm of f/n'.s.i/(n-fiocZ-v«.— The experiments on the absorption of the solar 
envelope briefly mentioned in hi't year’s report were <-ontinned as tar as practicable 
with the apparatus available. Fig 4 'hoW' the results thus far reached. Hori- 
zontal distances are proportional to wax e lengths, xertical di.'tancx's to transmission 
coellicients. The.'C transmission , oetlicients a.e not exactl v similar to the ones just 
given for the earth’s atmosphere. If we ivpresent the intensitv of the radiation xve 
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Variation of the Amount of Solar Radiation in the Infra-red Spectrum Included Between V^ave Lengths 0.76a and 2.0a. 

From bcilouTaphic suitin'?' < it I 'tirj 1 pin'i < iii' \ >' i t |iri"-i'nl'' l"lsil ru'liMi nni iti t Ins nn \ r icpn-'-viiis ixirt nni imiiil j] \ airi'cti'il liv aljsori)ti<m of water vapor 

in the eailli’s jiliiiiis|)!u‘re, lower Jull «‘ur\e represmits |K»rtion eonipaialivel\ uualleeteu 1)\ water Naptn absoipliou. 
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receive from the center of the solar disk as unity, then as we measure fartlier and 
farther from the center the intensity will diminish, owing to the ahsurption the rays 
experience in the ever-increasing length of path they traverse in the solar envelope. 
Different wave lengths ai'e differentlv diminished. The tigure gives the fractions 
remaining for the intensity at p<iint.s distant 9.1 jier cent and 98 per cent of the radius 
from the center. Referring to Fig. we see that in larth the solar and the terrestrial 
atmosphere the absorption is least in the infni red, and inileed follows a somewhat 
similar curve throughout the range of wave lengths here investigate<l. Theaccuracv 
of the results is not great enough to insist on the signilicance of the iuHci-tions which 
appear in the curves given, but here also there is a similarity between the terrestrial 
and solar curves. Owing ti.> the imperfection of the large solar image, liue to “boil- 
ing” of the air, to the ndation of the held by the siderostat, and to the fact that the 
image was enlarged by a conve.x mirror from about d centimeters diameter to 40 
centimeters, it seemed usele.'^s to attemid projected further measurements, including 
some on the radiation of sun spots, until some better way of proiliicing the solar 
image was arranged for. Experiments which have l)een made for this purpose will 
be describe<l under another caption. 



points 9') jirr cent of ladiiis lii-tant from sun's center Curve 'g is tor j.oints Ms jx-r rent of niiltns 
ilistiint from son's center. 

I take much pleasure in saying that the work of faking energy cur\ cs foi deter- 
mining solar and terrestrial altsorption, the measurements of ordinates ami areas, 
and preliminary reductions, only a very few of wliieh I have here given, haw been 
etliciently done by tlie junior assistant, Hr. E. E. Fowle. 

Sciislliii’ ijidmiliiiiii li'r . — In my last report I stated at some lengtli tlte progress niaile 
and looked for in increasing the working sensitiveness of file gahaiiometer. It was 
stated that a modified form of neeille system was jtroposed, much heavier and 
prt.ibably not less sensitive than tlrose then in u.'e. Tlie design there referreil to wa.s 
iiased partly on exi)erinients wliicli had been made which showed that tw o small 
tliiu magnets could lie placed within a ilL-tanee eipial to tlieir own diameter w ithout 
suffering much loss of combined magnetie niomeiit. if this jimvcd applicable to a 
svstem of numerous magnets it wotiUl be jxissible to inerea.se the number of mag- 
nets to a hundred or more without loss of sensibility overbalancing the gain w hich 
would result from deereasing the relative moment of inertia of tlie lu.mmagnetie 
material. Shortlv after my return from Sumatra a needle system of this kind was 
eonstructed, containing 120 magnets, <i() at eai-h end, separate<l by spaces eipial to 
the thickness of the needles. Tlie problem of arranging them thus proved a pretty 
ditlieult one, hut was solved, though after a la.-hion not quite .satisfactory. It was 
a disappointment to tind, liowever, that the sensitiveness of this system was only 
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oiie-thir<l as j;reat as that <if tlie very light system then in nse. To discover the 
cause of this a large nuinher of experiments were made on tlie magnetic inoment of 
needles of various sizes and shajies between weights of O.dODtl and O.OOdO niilligrains, 
and on combinations of them at various distan<-es. In the course of this investigation 
it was again show n I as ha<l already been accepted here) that for magnets between the 
limits of five and fifty times as long as thick, the magnetic moment is direct!}' jtropor- 
ti(jna! to the product of the weight by the ratio of the length to the diameter. This 
relation is, and has been for some years, a fundamental consideration in the construc- 
tion of galvanometer neeilles here. But though no error appeared in this as.sumption, it 
was found that the other, that a great number of magnets could be combined without 
much loss within a distance apart eijual to their diameter, was quite unsound. AYhile 
this is the case for two magnets, it is not so for a larger number. They can not 
advantageously be i)laced at a distance apart le.“S than 3 diameters without a consiil- 
erable lo.ss ot total magnetic moment. This is the <'ase whether the needles arc first 
magnetized and then approached or magnetized in position. It is slightly better to 
keep them 4 diameters ajiart. This condition tirevented making needle sy.stems such 
as were proposed, but a greater weight of system seemed so very ilesirable that new 
devices were discu.ssed. Six needles in a grouj) seemed to be about the limiting 
number w hich could be used « ith advantage, .so that to get more than 12 needles to 
a sy.stem reipiired more than 2 groups to jint them in. It was })roi)osed to use 16 
coils instead of 4 in the galvanometer, thus allowing s group.s of needles or 4S in all. 
This involved a deliberate sacrifice of sensitivene.ss. .Allowing for the several coun- 
terbalancing effects, it was comi>uted that the sensitiveness at a time of swing of one 
second would be only about one-half or two-thirds as great for a 16-coil instrument 
as for a 4-coil instrument of e<iual resistance. But if was contideutly believed that 
the steailine.ss of the former and its better capacity for u.se at higher times of swing 
would more than com|jensate this loss. 

Accordingly a 16-coil galvanometer, with needle system containing 48 magnets and 
weighing nearly 10 milligrams, was constructi’d. Its sensitivene.ss was found to be 
about as computed, and its steadinc.ss is so much sui)erior to that formerly emploved, 
both as regarils drift am! tremor, that it has been u.sed since December with most 
marked advantage for holographic work. 8o entirely satisfactory has it proved that 
another 16-coil galvanometer with needle system, weighing 0.012 grams, has been 
con.structed for use on the great suspension .system of uhich I s]ioke last vear. A 
large nundier of separate needles are weighed, measured, and their maeuetic 
moments determint‘d before the 4S are selected, so that no ojiportunity is all<iwed for 
a few weak ones to lower the sensitiveness and injure the a.staticism of the combi- 
nation. The system is strongly magnetized after its completion by the aid of a 16- 
coil electro-magnet. In the making up of these needles to form the svsteni, a new 
jiroce.-s of fastening the magnets has been devised by which results very superior to 
any heretofore obtained here a!’e rcache<l. 

Further experiments on tin- exhaustion of the air from the galvanometer i-a-e have 
been made. It was found extremely ililtii-ult to jirevent leakage of air into the instru- 
ment, anil this when it occurred caused ■'drift.’’ This ditliculty has at length been 
jiractically oven-ome. It had been siqiposcd that a pressure of I millimeter orthere- 
abouts would be ijuite as low as would be necessary w ith a lU-seconil simdeswim' 
But even w ith the heavy needle .system now in u.se. the ilamping liecame excessive at 
2..T secondssingle swingand O.OS millimeter jtressure. The pre.ssure w a.s reduced to0.20 
millimeter, and next the time of single swing was raised to 5. .5 seconds, before damp- 
ing became excessive. The very promising result was reached that Hw evrs- 

IJi-djX'rtloiiiil to Ihr .■ojioiir of th,' lime of .-mi,,,, up to a time of single swing of above a 
.seconds. Further exhaustion of the air pio\e<l imj.o.s.si|,le at the time, owing to the 
vapor pressure of the wax and grea.se used about the gahanometer. But by a modi- 
fication of the outer case, it is believed that this diffi.-ultv can be overcome 'and that 
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the aim laj^t year ,«et forth to earry the ]>ro]M)rtionalit\- between deflection and Rquare 
of tlie time of swinij nj> to 10 ."-econds sini;le Hwinj; will at len^rth lie reached, (ireat 
steadiness was observed at .i..! seconds swinj;. A deflection of 1 millimettw on the 
scale then actually coi responded to a current of only ,7 nr amperes in the 
galvanometer. The resistance of the instrument is only 1.6 ohms. A current of one- 
tenth this magnitude — or -5X10 ' ami)eres — could actually have been measured. 
Further advance is contiilently expected. 

I’ei'siinid-eqiiiitii/ii iiiiicliiiii -. — You have placed at the Observatory for trial an instru- 
ment of your own design intendeil to eliminate the so-calle<l personal e<iuation of 
individual observers in transit ol>servations. The principle of this instrument con- 
sists in substituting a judgment of the place where a sudden phenomenon occurred 
for the time when it occurred. To use an illustration which you have already 
employeil, in casi> the dark field in which only the star is seen moving were illumi- 
nated every two seconds by a self-reci>rding flash which showed the central wire, 
and if by pure accident the star was caught in an exact bisection when tin' flash 
came — an accident against which the chani-es are jicrhaps more than a hundred 
to one — it is evident that in this rare and improbable event there would be no per- 
sonal e(iuation to allow for, if the time of flash within two secomls were noted by 
the observer. Now, the object of the following mechanism maybe saiil to be to 
make this accident hai)iien every time. 

This being understood, as first tried with the aiii)aratus which you furnished, the 
design was to illuminate the cross wires of the transit instrument by automatically 
recorded electric flashes occurring at regular intervals equal to the time ela]ising 
between passages of the. star across successive wires. .-Vn adjustable mechanism allow ed 
the <ibserver to hasten or defer the w hole system of fla'hes until liy successive adjust- 
ments he caught the exact instant when the star was bi.sected by the dark wire in 
the instantaneously bright field. .Several such adjustments could be made during a 
single star transit across the numerous wires of the tally, and immediately after each 
.satisfactory bisection a signal was maile on the chronograj.h by a key in the hand of 
the observer, so that only such reci>rde<l flashes as were thus distinguisheil were used 
in determining the time of transit. 

In order to test the value of this instrument an artificial star was caused to move 
through the field at a rate about equal to that of a real equatorial star. This star 
was moved by a screw' and <-lockwork of gieat accuracy, and always through the 
same portion of tlu' screw. It was also provided that when the star was exactly 
bisected by the middle wire an I'lectrical contact was broken, .so that the star recorded 
its own transit ujion the chronograph. The adjustment of the contact for this bisec- 
tion was made at leisure with the star stationary, and was therefore not subject to 
the personal error of transit observations. Accordingly, after determining all the 
wire intervals, it was entirely easy to measure the i>ersonal equation of the ob.server, 
whether he used the personal-equation machine or the ordinary method, merely by 
comparing his observed time of transit with that recorded by the .star itself. I’pon 
tria' it was found that the personal equation of the several (observers w as not wholly 
prevented by employing the machine in the manner described; that is, by bisection^ 
judged during instantaneous flashes. The writer, for example, observed about G. 12 
.second too early by both methods. 

It seemed probable that the observer was still biased in his judgment by watching 
the march of the star through the field across the very faintly showing wires, which 
are always to be made out by the stray light of the star and sky, even though there 
is iKj illumination by the flash. Accordingly it seemed to promise success t(3 alter 
the arrangement so that the star would be hidden except at the instants correspond- 
ing to those when the flash had formerly at)i>eared. and to steadily illuminate the 
field as is asual in transit instruments. In the test this was easier than in actual 
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practice, for the artificiaf star itself could be obscured by a shutter immediately in 
front of it, which could be removed instantaneously by the electric signal from the 
personal-equation machine. Tlie same thing could, however, be done at the focal 
l>lane of the telescope in real use. 

Upon trial this device justified all hopes. Three observers whose habit is to 
observe, one too early, one too late and the other very close to the true time, were 
found all to observe as close to the truth as the accidental error.s would admit, 
which in the case of the 3-foot focus transit instrument employed was generally 
within 0.03 second. In other words, per onal eriuation seems to be wholly eliminated 
by this procedure. The general desi-.n may be applied without great expense to any 
outfit of transit and chronograph. 

Proi'i^idii for ijre'it suhir iiitdff )'. — vs already said, the experiments on .solar absorp- 
tion, nature of sun sjiots and other phenomena required for their successful continu- 
ation a large solar image free from rotation and as free as jvossible from ‘‘boiling” 
and from ojitical defects. Among these latter it will be evident that variations in 
absorjvtion and in magniiication at different j)ortionsof the image were (juite serious, 
as well as the ordinary defects of definition. To magnify a small image to the 
required diameter seemed to be very undesirable, for several reasons, chief of which 
were the optical defects just si)oken of and the increased ‘‘boiling” due to the 
heating at the small focal image. The use i>f the siilerostat w is objectionable on 
account oi its rotating the field. 

You have therefore decided t(j use the coelostat and a concave mirror of long 
enough focus to form the image of the desire<l size without a second magnifica- 
tion. The coelos'at, which I understaml you to hav bee’" 'be employed by you 
as a working instrument on a large scale (in 188?',, is esser, .illy a plane mirror 
rotating on an axis parallel with the axis of the earth at the rate of one revolution 
in forty-eight hours. It is unable to send the reflected beams from objects at dif- 
ferent declinations in the same ilirection, and if used to jirovide a horizontal 
reflected beam from tlie sun, must s nd it in a more southerly direction in summer 
than in winter. In this latitude the extreme directions reached by a horizontal 
coelostat beam wi.)uld be, respectively, about 30"“ north and 3U° south of an east and 
west line. To avoid moving the concave mirror and cither apparatus to suit the 
shifting direction of the coehjslat beam, it has been determined to jilace a se(.'ond 
movable plane mirror close to the coelostat to reflect the beam to the concave nurror, 
retaining the latter fixed. This mirror is so nicjuntecl that it can be wheeled north 
or south along a track sitna'evl a.s close to the coelostat as possible. This track i.s 
designed to curve round the south end of the coelostat so tliat the S' cond mirror can 
be either east or west of tlv ccjelcjstat as desired, ami it is intended to u.-e it east in 
the morning and west in the afternoon. A concave mirror of IS inches aperture anci 
140 feet focus which you have orderecl will Ije pdaced about Olt feet north of the 
coelostat. Its beam on the way to its focus will pass directly under the coelostat 
mirror and between tlie morning and afternoon po.sitions of the second plane mirror. 
The coelostat mirror is thus about 2 feet higher than the concave mirror and about 
1 foot higher than the second mirror, so that the latter casts no shadow on the 
coelostat mirror except for very low sun at the times of the equinoxes. On account 
of the unfavorable inclination of the coelostat mirrors at certain times of the vear 
and day, it is determined also to iirovide for the u.se of the two jflane mirrors as a 
polar siderostat, since only .“light change.s are required to alter a [Hvlar siderostat into 
a coelostat, and the rever.se. If useil as a polar si<lerostat. the gain in effectivt' tnirror 
surface will be off-et by having a rotating image. 


In either case, as thus arranged, it i- possible to .-ompletelv inclo.se the beam of 
light in suitable tubes after it reaclu-the coe|o-tat. an.l eieii be’fore, by a tiilie moved 
to follow the sun. The only u.se of such tulws is to prevent the ‘‘ boil'ing“ or ajipar- 
ent motion around the edges of the image due p. air waves in the path of the beam 
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and several quite decisive experiments were made by your direction to determine 
their effectiveness. 

Experiments on “hotlinij” of the iiitinje . — 1 add a few wonls, partly in anticipation, 
in reference to your newly-introduced device for preventing tlie well-known effect 
of “boiling” the telescopic image, a difficulty due to the earth’s atmosphere and 
which has existed always and everywhere, and which has seemed until lately so 
insurmountable that it has not even l)een tiiought of as subject to correction. The 
device that you have suggeste<l consists essentially not in keeping the air still within 
and without the telescope tube, but in violently agitating it over as great a range as 
possible. For this purpose, under your instructions and with the object of rehears- 
ing on a small scale what, if the device is successful, will be later tried on a large one, 
a silvered glass mirror of 5 inches diameter and 40 feet focus has been .set uj) in a tube 
with several concentric walls, so as to leave the interior air as still as possible. In 
preliminary experiment.s the air, in spite of these precaution.s in the installation, gave 
such “boiling” of the image as to seriously jirejudice the iletinition, and this, 
although tlie 40-foot tube had no less than three walls, being 7 inches in interior 
diaineterand 15 inches in exterior diameter, and inclosing the beam all the way from 
a second plane mirror near the coelostat to the concave mirror and thence ti.) the focus. 
Though this tube containing the stillest air of tlie most uniform temperature was 
sheltered throughout byacatnas tent, the “boiling’’ was but a little diminished. 
Nothing was gained by diminishing the aperture of the several mirrors down to 1 
inchin diameter, and all this was only what had been anticipated from the ordinary 
experience of astronomers. .-V 12-incli blower run by an electric motoi- was now 
caused to exhaust air from the inner tube at a halt <lozen points along the tube, and 
to force air in at other points alternate with these, so as thu.« violently to disturb or 
“churn” the air by forcing a vigorous circulation of it along the whole jiath of the 
beam from the ccelostat to the solar image. This unquestionably reduced the “boil- 
ing.” An artificial star was now [irovided at the focal plane, the ]>lane mirror near 
the cielostat Mas jilaced at right angles ti.> the tube, and thus the concave mirror, act- 
ing as both collimator and objective, brought the star image to focus at the star itself. 
Here it tvas examined M ith an eyepiece. With still air the definition was often very 
poor. The image a.ssunied very variable shapes, with wings or streamers; and being 
also cidored by diffraction cffect.s, reminded one of a kaleido.si-ojie field. On .starting 
the bloM’er the definition immediately became sharp. Violently stirring the air in 
the tube, therefore, eliminates the “boiling” M'ithin tbe tube and (parailoxi<-ally ) 
produces a .still image. .\s before said, the solar image Mas clearly improved by the 
stirring; but further improxement Mas still t<> bedesireil. Accordingly a tin tube 44 
feet long, M’lth tMn Malls of 11 inches interior iliameter and HI inches exterior 
diameter. M as provi<led and arranged to point toMard the sun, as shoM ii in Plate \’I, 
so that the beam pas.sed doMii thnaigh it before reaching the mirror system. This 
tube Mas connected to the bloMcr e.xaetly like the horizontal one, ami Iwjth could 
bestirred at once. There xvas very marked “Ixiiling” before starting the blouer. 
This nearly disappeared Mhile the bloxver Mas running. One ob-erver estimated 
the “boiling” as four-fifths overcome; another thought little more than a quarter 
remained, and all M ere unanimous that M hat M’as left Mas very little jirejudieial to 
the definition. This last result is so surprising that I feel constraineil to add that 
the experiments so far are not exhaustive, having been carried on but a short time, 
and M'ithout that solidity of piers M'hich M'ould alloM* of exact estimate or photo- 
graphic determination of the " boiling” of the solar image before and during agita- 
tion ( if the air in the tube, as distinguishetl from mechanical jarring. Further experi- 
ments are in jirogress. That agitation is of very great advantage to diminish “boil 
ing” there is no (piestion, but the exact measure of the advantage for all circum- 
stances of bad seeing requires further study. Incidentally, the air blast has the adiled 
advantage of keeping the mirrors at uniform teiiqterature. This and the abolish- 
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ineiit (if “boiling” in the tube are found to prevent those vexatious changes of focus 
so coiiiinon in solar work. 

These experiments, which I am free to say .seemed to me when first jiroposed by 
you of a kind to increa.se rather than diminish “boiling,” have in fact proved 
thus far almost wholly successful in eliminating it. The experiment with an ordi- 
nary eipiatorial has not yet been tried, hut for a horizontal telescope, such as is here 
projioseil, the scheme is demonstrable and feasible. 

Hwlintiuu of the CiiluiH jireHii. — In continuance of your ob.servations on the 
cheapest form of light, two specimens of Piimplioriis noiiiluciis were loaned to 
the Observatory by kindness of Profes.sor Howard, of the Agricultural Depart- 
ment. The radiation of the thoracic-light regions of these insects was brieflv 
studied by the aid of the bolometer and j>hotomcter. The insect was placed 
in the center of curvature of a concave mirror of 50 centimeters ajiorture and 1 
meter focus. In the conjugate focus was tire most .sensitive bolometric arrange- 
ment in the pos.se.ssion of the Observatory, connected to the galvanometer u.sed for 
holographic work. A gla.ss plate was placed liefore the bolometer to cut off body 
radiation. Nothing whatever could be observed to indicate any heating effect from 
the light (jf the insect. A portion of the flame of a standard sperm candle equal in 
area to the light !-pot of the insect gave such a dellection that had the radiation from 
the insect been as great in amount it could not have escaped oliservation. On 
(•(jiuparing the light from the candle and that from the insect by the aid of a pho- 
tometer it was found that area for area the insect’s light-giving capacity was one- 
eighth as great as that of the candle. Its actual candlepower was Not 

counting the very considerable candle radiation not transmissible by gla.ss, it there- 
fore appeared that the rtretty gave his liglit at less than i-;, the expenditure of 
energy required for an equal light from the standard sperm can(.lle. You -will be 
gratified that while these observations evidently confirm yonr earlier experiments 
they show the great advance since then in the sensitiveness of the bolometer. 

PEK.SOXNEL. 

The ob.'-erving Staff has ) teen unchanged wi*l> the following exceptions; Dr. (’. E. 
licndenhall was employed as temjxirary assistant iij) to .Vitgust :l, IPOl, and Dr. 
N. E. (iilbert as temporary assistant, beginning .hme Ifi, 190:1. 

SCMM.tRV. 

During the pa.st year satisfactory progress has been made in the improvement fif 
the galvanometer. SSuccessful experiments have ixjen made under the .system first 
proposed by yon by wliich personal equation in tran.sit observations is avoided, and 
still others, which seem to be of great practical imiiortancc, hv w hich the “lioilimr” 
of the telescopic image either of sun or star shows promise of being largely overcome. 
A comiiari-oii of the light and heat of the standard .sperm candle with that of the 
firefly showed the latter to be more than 10,000 time.s more economical as a source 
of light. 

The great purposeof the observatory— the investigation of the sun and of its influ- 
ence on the eartli — has Iteen at all times continued. 

Resjiectfully submitted. 

C. (1. AnnoT, 

Aift Aiiiiiij m ( 'hnnje^ A-A roplupicot Ohxerroloril 

Air. S. P. L.\N(.i.ey, ‘ 

Secretary of the Sm'dhsoinau Initkutioa. 
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Sir: I have the honor to present herewith tiie report of the operations of the 
library of the Smithsonian Institution for the fiscal year ending June .SO, 1902. 

The nuinher of volumes, parts of volumes, pamphlets, ami charts recorded in the 
accession hooks of the Smithsonian ileposit, Eihrary of Congress, during the fiscal 
year is shown in the following table: 



(piiirto or 
lar}^er. 

Octavo or 
siimllcr. 

Total. 

VoUiDieit 

4f.o 

1.213 

1.878 

Parts of volumes 


7.032 ' 

20, 

Pamplilets 

n‘>X 

8. in 

3, 732 

■114 




Total 


1 

26. 6->S 

The accession numbers run from 438,898 to 44.5, -W.l. 





The greater part of these pulilications have been sent to the hihrary (if Congress, 
amounting during the past year to .something over l.''.S Ixixes, 2.1 bags and packages, 
which are estimated to have contained the eipii valent of ,S,.V20 octavo volumes, this 
heing a sending independent of that of the International Exchanges. 

Tlic ilccrease in tlio immlier of entries in the accession liook ami the periodical 
record as compared with last year will he aceounted for hy the large number of 
strictly (rovernment documents which the Smitlisonian Institution now sends direct 
to tile I.ihrary of Congress tlirough tiie Rurean of Intoniatioual Exchanges. This 
arrangement has lieen carried on in accordanee with the understanding h.id iietween 
the Secretary and the fahrarian of Congress. 

The additions to the libraries of tiie Secretary, the Otllce, and the Astrophvsical 
( djservatory nniuixT 49d volumes, pamphlets, and charts and 2,.)S~ part.s of volumes, 
making a total of 8.0S3 and a grand total of 29,741. On the card catalogue of serial 
jmblication.s about 22,2.34 entries were made. 

The universities at the following places have sent inaugural dissertations and 
academic publications ; 


Raltiraorei.Tohns Hopkins 1. 

Halle a Saab 

Lund. 

Basel. 

Heidelberg. 

Marburg. 

Berlin. 

Helsingfore. 

ilissoula, Mont. 

Bern. 

Jena. 

Pbiiadelphia. 

B( mil. 

Kazan. 

St. Petersburg. 

Breslau. 

Kiel. 

Strasburg. 

Plrlangen. 

Konigstierg. 

Toulouse. 

Friehnrg, iB. 

Leipz.ig. 

Wurzlrarg. 

(iiesseu. 

Liege. 

A'liriev. 

( irielswald. 

Louvain. 

Zurich. 

SH 1!»02 7 
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The policy of increasing the library by exchange has been continued with favor- 
able results. In carrying this out, 877 letters were written for new exchanges and 
for completing series already in the library; 317 periodicals were added to the list; 
451 defective series were either completed or partly filled, according to the pub- 
lisher’s ability to supply the numbers requested. About 1,800 letters were received 
and filed in jackets on which a synopsis of each letter is given. 

The card catalogue of correspondence for reference has been continued, as well as 
the issuing of orders for Smithsonian publications .sent in exchange. When single 
numbers are reported as missing, postal cards are forwarded requesting that they be 
supplied. Corresponding postal cards are sent as acknowledgments of receipts. 
About 1,090 numbers were asked for, and 703 supplied. 

The reference room and the reading room, the proceedings and transactions of 
learned societies being in the former and the scientific j)eriodicals in the latter, have 
been used not only by the staff of the Smithsonian Institution, but by many other 
departments of the Government. In the reading room alone 3,208 periodicals and 
25 bound volumes were withdrawn for consultation. 

The sectional library at the National Zoological Park has been added to, and the 
collectirin is growing in importance. 

In the Institution there are maintaineil, besides the Secretary’s library, the office 
library, the employees’ library, three sectional libraries— Aerodromics, International 
Exchanges, and Law Reference. 

In the .\strophy.sical Observatory attention has been given to the sets of period- 
icals. These were gone over, missing parts ordered, and 46 volumes bound. 

The emi)loyees’ library has increased in popularity, and during August last a 
branch extension was made to the Zoological Park. The books are placed in an 
upright box made for the purpose, with a capacity of 40 volumes, and sent out once 
a month. The library now contains 1,370 volumes, and during the year 2,379 books 
were borrowed. 

The librarian having, with the peniiission of the .'^e( retary. relinquished his posi- 
tion as custodian ot the Smithsonian deposit at the Library of Congress, to render 
possible his attention to certain duties outside of the Institution, .Mr. Paul Brockett 
was on .\pril 1, 1902, appointed assistant librarian of the Smithsonian Institution 
and custodian of the Smith-sonian deposit. 

iMr. Brockett will atteml to matters relating to the Smithsonian Institution 
library and the Institution’s intere.Ms at the Library of Congress. During the few 
months he has Iteen in the library he has made himself familiar with the various 
details of the office and the Smithsonian deposit. 

Early in November, 1901, Gen. John IVattsdePeysterjire.senteil to the Institution his 
magnificent collection of books and pamphlets n lating to Napoleon Bonaparte, to he 
known as the “Watts de Peyster Collection, Na])oleon Bonaparte.’’ It is a very 
complete one, containing books from all <'Ountries and in all languages. In it 1 have 
noticed many rare volumes, and the valuation of 110,1)00, juit upon it by General de 
Peyster, I think very low, for a number of the books were long agi.) out of print and 
have now reached the point where no price can he put upon them. There have 
been received from General de Peyster nearly 2,000 volumes, which are now in tem- 
porary ca.ses, but the number of bi>oks has outgrown the space provided. A running 
list has been made and sent to General de Peyster for bis information, anil at a 
very early date suggestions for the permanent care and the making of a card cata- 
logue of this collection will be presented for your consideration. 

The art room has received considerable attention, and, in accordance with the Sec- 
retary’s wish, the collection of jihotographs of rejiresentative portraits by the old 
masters has l)een returned from the Buffalo Exfiosition and hung upon the walls in 
chronological order. The question of extending the Parthenon frieze around the 
entire room has been taken up and it is hoped that it will he in place during the 
summer. ^ 
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With the allotment from the Smithsonian Institution funds for the maintenance 
of the International Catalogue of Scientific Literature, a regional bureau has been 
established and the work carried on. The temporary provision for the coming year 
will warrant only the employment of the same force, which is entirely inadequate 
to properly care for the numerous duties imposerl. A sum of at least 810,000 per 
annum is needed for the United States Regional Bureau, and it is hoped that Congress 
will, now that the publication is actually begiiii, appropriate the ni’Cessarj’ funds for 
the representation of the Ignited States in an undertaking whiidi will render aid to 
all branches of scientific learning throughout the country. 

The work done for the year ending June 30, 1902, is in brief as follows: (1) The 
general organization of a regional bureau, including means of collecting and disjios- 
ing of all scientific matter publi.slied in the United States; (2) making a list of the 
periodicals of the United States coming within the scope of the catalogue; (3) jire- 
paring and classifying index reference slips to the .scientitic ]>ulilications of ItlOl and 
forwarding these slips to the London Central Bureau. The slips forwarded ui> to 
June 30, 1901, number 0,990. The first two volumes of the International Catalogue 
of Scientific Literature for 1901 have ajjpeareil. They are: Botany, Part I, of 1901, 
and Chemistry, Part I, of 1901, and were ])ublished in May ami .lime of the present 
year. 

The crowde<l condition of the National Mu.seum Library has been relieved by the 
addition of galleries in two of the halls of the Aluseum building. The.se contain a 
total floor .space of 2,592 square feet. During the coming year the entire series of 
scientific publications will lx‘ rearrangeil, thus increasing the usefulness f)f th{- library. 

The files of periodicals have been gone over and the missing numbers obtained. 
Owing to the small force, this has been <lone at oild times when the regular work 
would allow, and has resulteil in the completing of .'>1 of the lOf! sets examine<l. 

The acce.s.sions number a ti.dal of 19,.5.53 books, pamphlets, ami periodicals, of 
which 3,()fi0 were a [lortion of the .‘'uiithsonian depo.sit ; 23, 149 books were borrowed. 
The number of periodicals entered was ii,2t>7, amt 2,1S9 cards ^^ere added to the 
Authors’ Catalogue of the Museum Library. This last does not include, however, 
1,(105 cards for books and pamphlets recatalogued. 

The sectional libraries establishe<l in the Museum are a-' follows: 


.\dmini.st ration. 
Administrative assistant. 
Anthropology. 

Biology. 

Birds. 

Botany. 

Children's room. 

( '( imparati VC anat( ini v. 
Editor. 

Ethnology. 

Re.spectfiilly submitted. 


Fishes. 

< teology. 

History. 

Inst'cts. 

Mammals. 

Marine invertebrate-^. 
JIateria medica. 
Me.sozoic fo.ssils. 
Jlineralogy. 

Mollusks. 


(')riental arclneology. 
Paleobotany. 

Parasites. 

Photography. 

I’rehistoric anthropology. 
Rejdiles. 

St ratigraphic paleonp )li >gy . 

.Sujierintendent. 

Taxidermy. 

Technology. 

CvKi's .VoLEK, Lihrur'tnn, 


Mr. 8. P. L.\noi.ky, 

Setrcturi/ of Ike tSinilkxoiiKm JnMitution. 
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REPORT OF THE EDITOR. 

Sir: I have the tionor to submit the following report on the publication, of the 
Sniithsoniau Institution and its bureaus during the year ending .lune oO, 1902. 

I. S.MITHSONI.VN ( 'OXTRIBL'TIOXS TO KXOWI.EDOE. 

i:!09. Hodgkins fund. Experiments with Ionized Air, bv Carl barns, Hazard 
professor of physics in brown University. City of "Washington: Published by the 
Smitlrsonian Institution, 1901. Quarto. Pages x— 9.5. 

•SOI. Experiments in .\erodynamics, by S. P. Langley. Second edition. (First 
edition published in 1891.) City of Washington: Published by the ismithsonian 
Institution, 1902. Quarto. Pages ii -11.5, with Plates I-XII. 


It. MI.SCELL.VNF.ors COl.LEt'TIOX.s. 


12.59. List of Observatories. City of Washington: Published by the ffmithsonian 
Institution, 1902. Octavo. Pages d.'t. 

1312. Index to the Literature of the ^peetroscojie (1887-1900, both inclusive) 
[continuation of the previous index by the same author published in 1888], hy 
.\lfred Tuckernian. Washington City: Published by the fsinithsouian Institution, 
1902. Octavo. Pages iii ; 373. This index is brought to tlu' end of the year 1900, 
after which ilate the International Committee for Indexing Scientific Literature 
begins the continuation of the work of cataloguing sjiectroscfijiy. 

1313. bibliograpliy of the .Vnalytical Cbennstry of Manganese, 178.5-190(1, hv 
Henry 1’. Talbot and .lohn W. brown. City of Washington: Published by the 
Smith.sonian Institution, 1902. Octavo. Pages vin 121. 

1174. Snuthsonian Miscellaneous Collections. Vol. XLI. City of AVashiugtnn: 
Published by the Smithsonian Institution, 1902. Octavo. Pages v-j 1188. 


roNTKNTS. 


Index til tlie Literature nf Tlialliuin. Isiil-l.sW., hv Manila Iioan Wasliiiigton, ISSi) | Number 
1171 I 

Index til the Literature of Zireiiiiinin. by .\, <' [.aiigiiiinr ami Charlev Barken ille. Wlehiiii'ton 
IS'j'J t Number 117.) i 

A Select Biblidijraphy of Chemisiry. Uyj-l.sy7. liy Henry (’iirniiijton Bolton, .section viii Vea- 
demic Pi'«'«eptxition‘- Wa8hinijton. lyOl fXiunber 

On the Ohoapt-, Form of Lijrht, by S V Lanirley and F. W. Ver\ Washing-ton l\m ( Numlier 
12.'iS , 

List of ()h-*ervatories. Washiinrton. llMrj (Numbei rjVJ. » 

Indc.x to the Literature of the speetro-eoiie, I.ss7-l',«.l0, hy .Mfreil Tuek.'rmaii Wa.sliingtoii, 1'.I02. 
(Number 1312 ) 

.V Blhliograpliy nf the .tnalytieal Cheinetry ,if Manganese. 17s.Vlitliii, hy Henry f. Talbot and .tohn 
W, Brown. Washin.i-ttin l(Kt2 ( Numln-r 1.513 i 

rliemieal .Soeienes of the Xllieteenth Centurj, liy Henry t'arnngti.n Bolton WashinL.tim loou 
(Number 1314 ) 

HI, SMITHs-ONIAN ANAXAL KEPORT8. 


The annual leport is ni two jiarts or volumes, one devoted to the Institution projier 
and the other to the Xational .Museum. Tlie .Smithsonian voluni(‘ for 1900 was 
mentioned in the last rejiort of the eilitor; the volume for 1901 ivas in tvpe though 
100 - . 6 
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the presswork, with the exception of the Secretary’s Report, was not complete<l at 
the close of the fiscal year. The contents of the 1901 report are as follows: 

l.rlo. .Journal of Proceedings of the Board of Regents of the Smithsonian Institu- 
tion, report (jf executive coimnittee, acts and resolutions of Congress. From the 
Smithsonian Report for 1901, pages xm-i.xvii. AVashington : Government Printing 
Ottice, 1902. Octa\d. 

Pill. Report <if S. P. Langley, Secretary of the !^niithsonian Institution, for the 
year ending .Tune OO, 1901 . AVashington: Goveruiuent I’rinting ( )ttice, 1901. ( )ctavi i. 
Pages V— 140, with l:i ]ilates. 

lolfi. The Sniith.sonian Institution. From the Smithsonian Report for 1901, jiages 
14.5-1.")1, with Plates I-\’l. AA’ashington :( iovernment Printing ( Itlice, 1902. ()cta\o. 

lol7. Some Recent .Astronomi<-al Events, hy Ct G. .Ahhot. I'rom the Smithsonian 
Report for 1901, pages 1.5.3-1(19, with Plates 1-VI. AA’ashingtmi: Government Print- 
ing Gffi<'e. 1902. Octavo. 

1.318. A Alodel of Xature, by Arthur AV. Rucker. From the Smithsonian Report 
for 1901, pages 171-191. AVashington: Government Printing Otlice, 1902. Octavo. 

1319. .V C'entury of the Study of Meteorite,'^, hy Dr. Oliver C. Farrington. From 
the Smithsonian Report for 1901, pages 193-197. Alhr-hington: Government Print- 
ing Ottice, 1902. Octavo. 

1320. Recent Studies in Gravitation, hy I’rof. .John 11. I’oynting. From the 
Smithsonian Report for 1901, pages 199-214. Washington: Government I’rinting 
Office, 1902. Octavo. 

1.321. On Ether ami Gravitational Alatter through Infinite Space, hy Lord Kelvin. 
From the Smithsonian Report for 1901, pages 21.5-230. Washington: Government 
Printing Office, 1902, Octavo. 

1322. On Bodie.s Smaller than Atoms, hy Prof. ,1. ,1. Thomson. From the Smith- 

sonian Report for 1901, pages 231-243. AVashington: Government Printing Office, 
1902. ( liJavu. 

1323. The Exiiloration of the -Atmosphere at Sea hy Means of Kites, hy -V. Law- 
rence Rotch. From the Smithsonian Report for 1901, pages 24.5-249, with Plates 
I, II. AA'ashington: Government Printing ( Ifiice, ltl02. Octavo. 

1324. .stolid Hydrogen, hy .Tames Ihnvar. From the .Smithsonian Report for 1901, 
pages 2.51-2(11. Washington- Government Printing Office. 1902. Octavo. 

1325. I'tilizing the Sun's Energy, by Rol^rt H. Thurston. From the .Smithsonian 
Report for 1901, pages 2(13-270, with Plate I. AVu'^hington: Government Printing 
Office, 1902. Octavo. 

132(1. The New Radiations: Cathode Rays and Rontgen Ray.', hv .A. Dastre. From 
the Smithsonian Report for 1901 , pages 271—2.8(1. AVashing^ton: ( lovernment Printing 
Office, 1902. Octavo. 

1327. AA'ireless Telegraphy, hy Signor ( 1. Alarconi. From the Smithsonian Report 
for 1901, pages 2S7-2i(8, with Plate I. Washington: Government Printing Ottice, 
1902. Oct.uo. 

1328. Transatlantic Telephoning, hy AA’illiam A. .Anthony. From the Smithsonian 
Report for 1901, Jiages 299-30(1, with Plates 1, IL Washington: Government Print- 
ing Otlice, 1902. Octavo. 

1329. The Telejihi.inograph, hy AA'iltiam J. Hammer. F’rom the Smithsonian 

Report for 1901, page.s 307-312, with Plate.® 1, H. AA’ashington: Government Printing 
Office, 1902. ( Ictavo. 

t330. Color Photograjihy, hy Sir AVilliam ,1. Herschel. I'rom the .Smithsonian 
Rejiort for 1901, jiage® 313-31(3, with colored jilates I-III. AVashington- Government 
Printing Office, 1902. Octavo. 

1331. History of Clironophotograjihy, hy Dr. .1. Alarey From the Smithsonian 
Rejiort for 1901, jiages 317-340, with Plates 1-IX. Washington Government Print- 
ing Office, 1902. Octavo. 
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13:!2, The Aims uf the Xational Physical Laboratory of Great Britain, by E. T. 

( rla/elji'ook. From the Smithsoniaii Kejiort for 1901, jiajjes 341-357, with Plates 
I, II. Washington: Government I'rintiii*; Ottice, 1902, Octavo. 

l:!33. Emigrant lliamunds in America, by William Herbert Hohhs. From the 
Smith-soniau Keport fur 1901, i)ages 359-366, with Plates I-III. Washington: Gov- 
ernment Printing Office, 1902. ( )ctavo. 

13:14. Eogoslof Volcanoe.s, hy G. Hart Merriam. f'rom the 8niith.sonian Report 
for PlOl, pages 367-.375, with Plates I-III. Washington: (iovernment Printing 
Office, 1!»02. Octavo. 

i:l;i5. The .Antarctic Voyage of the Belgica during the Years 1S97, 1S9S, and 1899, 
by Henr\ k Arctowski. From the Fmithsonian Report for 1901, pages 377-388, w ith 
Plates I-VI I. Washington: (iovernment Printing Ottice, 1902. Oidavo. 

i:!,36. The ,8ea in the Life of the Nations, by Alfred Kirchoff. F'rom the .Smith- 
sonian Report for 1901, pages :1S9-:19!I. Wjishington: Government Printing Ottice, 
1902. Octavo. 

1337. Forest Destruction, by Gifford Pinchot and 0. Hart Merriam. F'rom the 
8inithsonian Report for 1901, ]>ages 401—105, with Plates I-I\ . Washington: Gov- 
ernment Printing Otiice, 1902. Octavo. 

1:1.38. Irrigation, hy F’. H. Newell. F'rom the Smith.sonian Report for 1901. pages 
407-423, with Plates I-VH. Washington: Government Printing Office, 1902. 
Octavo. 

13:i9. The Palace of Alinos, by Arthur J. Evans. From the Smith.=onian Report 
for 1901, ]>ages 42.5-437, with Plates I-VIII. Wa.shington: Government FYinting 
Office, 1902. Octavo. 

l:!40. The Engraved I’ictures of the Grotto of ha Mouthe, Donlogne, F'rance, hy 
M. Fiinile Riviere. F'n.im the Smithsonian Report for 1901. pages 4:B9— 449. Wash- 
ington: (.Iovernment Printing Office, 1902. (.ictavo. 

i:341. The Minrl of Primitive Man, by F'ranz Boas. F'rom the Smithsonian Fleport 
for 1901, pages 451-460. Washington: Government Printing Office, 1902. Octavo. 

i:!42. Traps of the -American Indians: \ .''tudy in Psychology and Invention, hy 
Otis T. 3Ia.son. F'rom the Smith.sonian Rejsirt for 1901, j.ages 461-47:1, with Plate I. 
AVashingtoii: (.Iovernment Printing Office, 1902. Octavo. 

1.343. The Abbott Ci.dlection from the Andaman Islands, By Lieut. W. E. Safford, 
U. .S. Navy. F'rom the Suuth.sonian Report for 1901, pages 47.5-492, with Plates 
I-Vl. Washington: Gowrnment Printing Office, 1902. Octavo. 

1.344. The Development of Illumination, by Walter Hough. Fion] the Smithso- 
nian Report for 1901, pages 49:4-.500, with Plates I, II. Washington: (Iovernment 
Printing Office, 1902. Octavo. 

1:143. Order of Development of the Primal Shaping .Arts, hy \A'. II. Holmes. 
F'rom the Sndthsonian Report for 1901, pages .>(H-.>1.3. W'ashington: Government 
Printing Office, 1!I02. 0|.tavo. 

i:i46. Bcromerangs, hy Gillawt T. AAalker. From the Smithsonian Report fur 
1901, pages 51.5-521. AA'a-hington: Government Printing Otiice, 1902. Octavo. 

1:I47. The Po.ssible improvement of the Human Breed under the Existing Condi- 
tions of haw anil Sentiment, by F'rancis Galton. F'rom the Smithsonian RcjMirt for 
1901, pages .52:l-.5.38. AA'ashington: ( iovernment Printing Office, 1902. ()ita\o. 

i:i48. The F'ire AValk Ceremony in Tahiti, by S. P. Langley. From the Smith.so- 
nian Report fur 1901, pages .5:3!t-,544, with Plates f-IIL AA’ashington: Government 
Printing Office, 1902. Octavo. 

i:i49. The Laws of Nature, by S. P. Langley. F'rom the Smithsonian Report for 
1901, pages .54.5-552 AA'ashington. Government Printing Otiice, 1902. Octavo. 

l:!,50. The Children’s Room in the Smith.sonian Institution, hy .Albert Bigelow 
Paine. From the Smithsonian Rejiort for 1901, pages .5.5:1-560, with Plates 1-XX. 
AA'a.shington: Government Printing Office, 1902. Octavo. 
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1351. Salt and its Physiological Uses, by M. A. Dastre. From the Smithsonian 
Report for 1901, j>ages 561-574. Washington; (foverninent Printing Office, 1902. 
Octavo. 

1352. Santo.s-Duniont Circling the Eiffel Tower in an Air Ship, by Eugene P. 
Lyle, jr. From the Smithsonian Report for 1901, pages 575-.592, with Plates I-X. 
Wa.shington; Government Printing Office, 1902. Octavo. 

13.9!1. Automobile Races, by Henri Fournier and othei'S. From the Smithsonian 
Report for 1901, j)ages 593-609, with Plates 1-Vl. Washington: Government Print- 
ing Office, 1902. Octavo. 

1354. The Erection of the Gokteik Bridge, by Day Allen Willey, From the Smith- 
sonian Report for 1901, pages 611-615. AVashington; Government Printing Office, 
1902. ( ictavo. 

13.55. The Great Alpine Tunnels, by Francis Fox. From the Smithsonian Report 
for 1901, pages 617-630, with Plates l-IV. Washington: Government Printing 
Office, 1902. (!)ctavo. 

1356. The ilutation Theory of Professor DeVries, by Charles A. White. From 
the Smithsonian Report for 1901, pages 631-640. Washington: Government Printing 
Office, 1902. Octavo. 

1357. The Dinosaurs or Terrilile Lizards, by F. A. Lucas. From the Smithsonian 
Report for 1901, ]>ages 641-647, with Plates l-IV. Washington; tiovernment I’rint- 
ing <!)fflce, 1902. Octavo. 

1358. The Greatest Flying Creature, by S. P. Langley. Introducing a paper on 
the Pterodactyl Ornithostoma, by F. A. Lucas. From the Smith.sonian Rejiort for 

1901, pages 649-6.59, with Plates I-VII. Washington: Government Printing Office, 

1902. Octavo. 

13.59. The Okapi, hy Sir Harry H. Johnston. From the Smithsonian Report for 

1901, pages 661-666, with Plates I-III. Washington: Government Printing Office, 

1902. Octavo. 

1360. Observations on Termites, or Mixed Ants, by G. D, Ha\iland. From the 
Smith.sonian Report for 1901, pages 667-678, with Plates I-IV. Washington: Gov- 
ernment Printing Office, 1902. Octavo. 

1361. The AVanderings of the AVater Buffalo. From the Smithsonian Report for 
1901. jiages 679-682, with Plate I. AVashington: Government Printing Office: 1902. 
Octavo. 

1362. On the Preservation of the Alarine Animals of the Xorthwest Coast, by AA'il- 
liam H. Dali. From the Smith.sonian Rcjmrt for 1901, jiages 683-6.8H. Washington: 
Government Printing Office, 1902, Octavo. 

1363. Some Private Zoos, by F. G. Aflalo. From the Sinitiisonian Report for 1901, 
pages 689-696, with Plates I- A"II. AA'ashington ; Government Printing Office, 1902. 
Octavo. 

1364. The National Zoo at AVashington, by Ernest Thompson Seton. From the 
Smitlnsonian Report for 1901, pages 697-716, with Plates I-XIH. Washington; 
Government Printing Office, 1902. Octavo. 

1365. The Submarine Boat, by Rear-Admiral George AA’. Alelville, U. S. Navy. 
From the Smithsonian Report for 1901, pages 717-738, with Plates I, II. AA’ashing- 
ton: (iovernment Printing Office, 1902. Octavo. 

1366. Commemoration of Prof. Henrv A. Howland, by Dr. Thomas C. Menden- 
hall. From the Smithsonian Report for 1901, pages 739-7.53, with Plate 1. AA'ashing- 
ton; Government Printing Office, 1902. Octavo. 

IV. x.vnox.vL MrsE['.M publicatiox.s. 

1310. .Annual Report of the Board of Regents of the Smithsonian Institution, 
showing the operations, expenditures, and condition of the Institution for the year 
emling June 30, 1900. Report of the L'nited States National Alu.seum. AA'ashington: 
Government Printing Office, 1902. Octavo, pages xvi-f 738, w ith 122 plate.s. 
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1310 (1) . Eeport upon the Condition and Progresis of the United States IJational 
Museum during the year ending June 30, 1900, by Eiehard Rathbun, Assistant Sec- 
retary of the Sniitlisonian Institution. From the Report of the United States 
National Museum for 1900, pages 1-152, with 9 plate.s. IVashington: Government 
Printing Office, 1902. Octavo. 

R S. 118. Anthropological Studies in California, by IVilliam Henry Holmes, Head 
Curator, Department of Anthro))ology. From the Report of the United States 
National Mu.seum for 1900, pages 1.55-187, with 50 plates. IVashington; Government 
Printing Office, 1902. 0cta\'O. 

R. S. 117. Aboriginal American Harpoons. A Study in Ethnic Distribution and 
Invention, by Otis Tufton Mason, curator. Division of Ethnology. From the Report 
of the United States National Museum for 1900, f>ages 189-304, with 20 plates. IVash- 
ington: Government Printing Office, 1902. Octavo. 

R. S. 118. A sketch of the History of Ceramic Art in China, with a Catalogue of 
the Hippi.sley Collection of Chinese Porcelains, by Alfred E. Hippisley, commissioner 
of the imperial maritime customs service of China. From the Report of the United 
States National Mu.seum for 1900, j^ages 30.5—116, with 21 plates. Washington: Gov- 
ernment Printing Office, 1902. Octavo. 

R. S. 119. Contrihutions to the History of Musical Scales, by Charle.s Kasson AVead, 
examiner. United States Patent Office. From the Report of the United States 
National JIuseum for 1900, pages 417-462, with 10 plate's. AVashington: Govern- 
ment Printing Office, 1902. Octavo. 

R. S. 120. A Collection of Hopi Ceremonial Pigments, by AA'alter Hough. From 
the Report of the Unite<l States National Aluseum for 1900, pages 463-471. AVash- 
ington: Government Printing Office, 1902. Octav<j. 

R. S. 121. Descriptive Catalogue of the Collections of Gems in the United States 
National Museum, by AA’irt Tassin, assistant curator. Division of Mineralogy. From 
the Report of the United States National Museum for 1900, pages 473-670, with 9 
plates, AVashington: Government Printing Office, 1902. Octavo. 

R. S. 122. Descriptive Catalogue of the Meteorite Collection in the I’nited States 
National Aluseum, to January 1, 1902, by AVirt Tassin, a.a.sistant curator. Division of 
Alineralogy. From the Report of the United States National Aluseum for 1900, jjages 
671-698, with 4 plates. AA'ashington: Government Printing Office, 1902. Octavo. 

Proceedings of the Uniteil States National Aluseum, A'ol. XXHI, jmblished under 
the direction of the Smithsonian Institution. AVashington: Government Printing 
Office, 1901. Octavo. Pages .\v, 952, with 44 plates. 

The following separate papers from the Proceedings were issued during the fiscal 
year: 


Proc. 1235. List of Fishes Collecte<l in 1,883 and 1885 by Pierre Louis Jouv and 
Preserved in the United States National Aluseum, with De.scriptions of Si.x New Spe- 
cies, by David Starr Jordan and John Otterbein Snyder. From the Proceedim's of 
the United States National Aluseum, A'ol. XXHI, jiages 7:19-789, with Plates 
XXXI-XXXVHI. AA'ashington: Government Printing Office, 1901. Octavo 

Proc. 12:16. Four New Symmetrical Hermit Crabs (Pagurids) from the AVest India 
Region, by James E. Benedict. From the Procec<lings of the Cnited States National 
Aluseum, A'ol. XXHI, iiages 771-778. Washington: Go\ernment Printim' Office 
1901. Octavo. 

Proc. 1237. Synopsis of the Luciiiacea and of the American Sjiecies, by AVilliam 
Healey Dali. From the Proceedings of the United States National Ahi.s'eum, 
XXHI, pages 779-8:13, with Plates XXXIX-XLH. Washington: 

Printing Office, 1901. Octavo. 

Proc. 12:i8. On a Slug of the (lenus Veronicella from Tahiti, by T. D. A. Cockerell 
From the Proceedings of the United States National Aluseum, 

8:15-836. AA'ashington: < lovernment Printing ( tffice 1901 


A'ol. 
Goveri ment 


A'(d. XXHI, pages 
( Ictavo. 
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Proc. 1239. A Review of the Apodal Fishes or Eels of Japan, with Descriptions of 
Nineteen New S{)e('ies, hy David Starr Jordan and John Otterbein Snyder. From 
the Prueeedinjj.srof the United States National ^Museum, Vol. XXIII, j)a<;es 837-890. 
Washington: Government Printing Office, 1901. Octavo. 

Proc. 1240. Review of the Cardinal Fishes of Japan, by Daviil Starr Jordan and 
John Otterbein Snyder. From the Proceeilings of the United States National Mu- 
seum, Vol. XXIII, pages 891-913, with Plates XLIII-XLIV. Washington: Gov- 
ernment Printing Office, 1901. Octavo. 

Proc. 1241. A Review <if the Hypostomide and Lophobranchiate Fishes of Japan, 
liy Davhl Starr .Ionian and John Otterl)ein Sny<ler. From the Proi'eedings of the 
United States National iMuseum, Vol. XXIV, pages 1-20, with Plates I-XII. Wash- 
ington: Government Printing Office, 1901. Octavo. 

Proc. 1242. List of the Myriapod Family Lithobid;c of Salt Lake County, Utah, 
with Descriptions of Five New Species, by Ralph V. Chamt)erlin. I'rom the Pro- 
ceedings of the United States National Museum, Vol. XXIV, pages 21-23. Wash- 
ington: Government Printing Office, 1901. Octavo. 

Proc. 1243. New Dijitera fnim Southern Africa, by I). W. CWpiillett. From the 
Proceedings of the T’nited States National Museum, V(d. NXIV, pages 27-32. 
IVashington: ( iovernment Printing Office, 1901. Octavo. 

Proc. 1244. A Review of the Gobioid F'ishes of Japan, with Descrijitions of 
Twenty-one New Species, by David Starr Jordan and John Otterbein Snyder. From 
the Proceedings of the United States National iMuseum, Vol. XXIV, pages 33-132. 
Washington: Government Printing Office, 1901. Octavo. 

Proc. 1243. A Flightle.ss .\uk. Mancalla californiensis, from the Miocene of Cali- 
fornia, by Frederic Lui'as. From the Proceedings of the United States National 
Museum, Vol. XXTV, jiages 133-134. IVashington: Government Printing Office, 
1901. Octavo. 

Proc. 1246. An Annotated List of Mammals Collecte<l in the Vicinity of La 
Guaira, Venezuela, by Wirt Robinson, captain, U. S. .Army, and Marcus Ward 
Lyon, jr. From the Proceedings of the I'nited State.- National Mu.seum, Vol. 
XXIV, pages 133-162. Washington: Government Printing Office, 1901. Octavo. 

Proc. 1247. An Annotated List of Birds Collecte<l in the Vicinity of Latitiaira. 
Veneztiela, by Wirt Robinson, captain, U. S. Army, and Charles W. Richmond. 
From the Proi'Cediiigs of the Cnited States National Museum, V(j 1. XXIV, pages 
11)3-178. Wa.shington: Government Printing Office, 1901. Octavo. 

Proc. 1248. .In .Annotated List of Batiachians and Rejitiles Collected in the 
Vicinity of La Guaira, Venezuela, with De.'crii)tions of Two New Species of Snakes, 
by Leonhard Stejneger. From the Proceedings of the United State.s National 
Mu.seum, Vol. XXIV, pages 179-192. Washington: Government Printing Office, 
1901. Octavo. 

Proc. 1249. On a Stony Meteorite, which F'ell near Felix, Perry County, .Gabaina, 
Mav 13, 1900, by George P. ^Merrill. FToin the Proceedings of the United States 
National Museum, Vol. XXIV, pages 19.3-198, with Plates XIII-XIV. AVashing- 
ton: Government Printing Office, 1901. Octavo. 

Proc. 12.30. A Review of the Athcrine Fishes of .lapan, by David Starr Jordan 
and Edwin Cha])in Starks. From the Proceedings of the United States National 
Mu.seum, Vol. XXIV, i)ages 199-200. Washington: Government Printing Office. 
1901. Octavo. 

Proc. 12.31. The Cacomitl Cat of the Rio Grande Valley, by Edgar A. Mearns. 
From the Proceeilings of the United States National Aluseum, Vol. XXIV, pages 
207-210. AVasliiugton: Government Printing Office, 1901. Octavo. 

Proc. 1252. A New Species of Bullfrog from Florida and the Gulf Coast, by Leon- 
hard Stejneger. From the Proceedings of the United States National Museum, Vol. 
XXIV, pages 211-215. Washington: Government Printing Office, 1901. Octavo. 
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Proc. 1253. Some Spiders and Other Arachnida from Porto Rico, by Nathan 
Banks. From the Proceedings of the TJiiited States National ]Miiseum, Vol. XXIV, 
pages 217-227, with Plate XV. Washington: Government Printing Office, 1901. 
Octavo. 

Proc. 1254. A Review of the Gyiunodont Fishes of Japan, by David Starr Jordan 
and John Otterbein Snyder. From the Proceedings of the Fnited States National 
^Museum, Vol. XXIV, Pages 229-204. Wa-ffilngton : Government Printing Office, 
1901. Octavo. 

Prot'. 1255. Two New Species of Alga- of the Genus Buthotrephis, from the 
Upper Silurian of Indiana, by David White. From the Proceedings of the United 
States National Museum, Vol. XXIV, pages 265-270, with Plates X^M-XVIII. 
Washington: Government Printing Office, 1901. Octavo. 

Proc. 1256. The Fo.'csil Fresh-Water Shells of the tVdorado Desert, Their Distribu- 
tion, Knvironment, and Variation, by Robert K. ('. Stearns. From the Proceedings 
of the United States National Museum, Vol. XXIV, pages 271-299, with Plates 
XIX-XXIV. IVashington: Government Printing Office, 1901. Octavo. 

Proc. 1257. Chondrodonta, a New Genus of Ostreiform Mollusks from the Creta- 
ceous, with I )escri{)tions of the Genotype and a New Species, by Timothy 5V. Stan- 
ton. From the Proceedings of the lbiite(l States National Jluseuni, Vol. XXIV, 
pages 301-307, with Plates XX V-XXVI. Washington: Government Printing Office, 

1901. Octavo. 

Proc. 1258. Catalogue of a Collection of Hummingbirds from Ecuador and Colom- 
bia, by Harry C. Oberholser. From the Proceedings of the United States National 
Museum, Vol. XXIV, pages 309-2.42. Washington: Government Printing Office, 

1902. Octavo.- 

Proc. 1259. Review of the Diseobolous Fishes of Japan, by David Starr Jordan 
and John Otterbein Snyder. From the Proceedings of the United States National 
Museum, Vol. XXIV, pages 343-351. Washington: tiovernment Printing Office, 
1902. Octavo. 

Proc. 1260. .\ Review of the .lapanese Species of Surf-Fishes or End.iotocida', by 
David Starr Jordan (assisted by Michitaro Sindo). From the Proceedings of the 
United States National Museum, Vol. XXIV, pages 3.53-359. Washington: Govern- 
ment Printing Office, 1902. Octavo. 

I’roc. 12til. .V Review of the Pediculate Fishes or .\nglers of Japan, by David 
Starr, Iordan (assisted by Michitaro Sindo). I rom the I’roceedings of the United 
States National Museum, Vol. XXIV, pages ;!(>1-3S1. Washington: tiovernment 
Printing Office, 1902. Octavo. 

Proc. 1262. Descriptions of New American Butterflies, by William Schaus. From 
the Proceedings of the United States National Museum, Vol. XXIV. pages .383-460. 
'Washington: ( iovernment Printing < tffice, 1!M)2. Octavo. 

Proc. 1263. .V Review (fl' the Trachinoid Fishes and Their Supposed Allies Found 
in the Waters of Japan, by David Starr Jordan and John Otterbein Snyder. From 
the Proceedings of the United .States National Museum, V(.il. XXIV, pages 461-497. 
Wa.<hington: Government Printing Office, 1902. Octavo. 

Proc. 1264. Illustrations and Descriptions of New, Untigured, or Imperfectly 
Known Shells, Uhiefly .Vmerican, in the Unite<l States National 5Iu.seum, by 
William Healey Dali. From the Proceed ing-i of the Uniteil States National Museum 
Vol. XXIV, pages 499-,566, with Plate.^ -XXVII-XL. Washington: Government 
Printing Office, 1902. Octavo. 

Proc. 1265. A Review of the .'■^almonoid Fi-hes of Japan, by David Starr Jordan 
ami ,j(ffin Otterbein Snyder. From the IVoceedings of the United States National 
Museum, Vol. XXIV, jiages .567-.593. Wa^-hington: Government Printing Office 
1902. Octavo. '' ’ 

Proc. 12iit). .5 Review of the Labroid Fishes and Related Forms found in the Waters 
of Jai)an, by David Starr J ordau and John Otterljein Snyder. From the I’roceedinos 
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of the Pnited States National Museum, Vol. XXIV, patres 595-662. AVashiiifiton : 
(tfivernment Printiiifr Otfiee, 1902. Octavo. 

Proc. 1267. List of (ieiicric Terms Pro|)ose(l for P)ir(ls iliirin^ the Years 1890 to 
1900, Inclusive, to which are Added Names Omit te<l by Waterhouse in his “Index 
Generuin Avium,” by Charles W. Richmoml. prom the Proceedings of the United 
States National Museum, Vol. XXIV, pages ()6;l-729. Wa.shington: Government 
Printing Office, 1902. Octavo. 

Proc. 1268. ,V Review of the .Vmerican Moths of the Genus Dcprc.ssaria Haworth, 
with Descriptions of New Species, by .August P>nsck. Prom tlie Proceedings of the 
Uniteil States National Museum, Vol. XXIV, pages 781-749. Washington: ( iovern- 
ment Printing Office, 1902. Octavo. 

Pn ic. 1269. The Alammals of the .Andaman ainl Nicobar Islands, by < ierrit S. Miller, 
jr. Prom the Proceedings of the Uniteil States National Miisi'um, Vol. NNIV, pages 
751-79.1, with Plates XLI-NLII. Washington; tiovcrnmcnt Printing Otlicc, 1902. 
( Ictavi I. 

Proc. 1270, Henicojis dolichopu.s, New Chilo}ic)d from Utah, hy Ralph V. Cham- 
herlin. prom the Proceedings of the United States National .Museum, Vol. XNIV, 
pages 797-800. AVashington: Government Printing Office, 1902. Octavo. 

Proc. 1271. .A Review of the Larks ol the Genus Otocori.s, by Harry ('. Oberholscr. 
Prom the Proceedings of the United [states National Museum, A'ol. NNIA'. pages 
801-888, with Plates X LIH-XLIX. Washington: Government Printing Office, 1902, 
Octavo. 

Proc. 1272, Descriptions of New Decapod Crustaceans from the AA'est Coast of North 
-America, by Mary J. Kathbun. Prom the Proceedings of the United States National 
Museum, A'ol. .NNIA', pages 8.85-905. AA’ashington; Government Printing Office, 1902. 
( Ictavi I. 

Proc. 1273. A Newly Found Aleteorite from .Admire, Lyon County, Kan.'us, by 
George P. Alerrill. From the Proceedings of the United States National Aluseum, 
A’ol. NXIA', [lages 907-918, with Plates l--LA'L AA'ashington: ( iovernment Printing 
Office, 1902. Octavo. 

Proc. 1274. Descriptions of Three New Rirds from the Southern United States, by 
Edgar A. Alearns. prom the Proceedings of the Uidted States National Museum, 
A'ol. NNIA', pages 915-926. AA’ashingtoti; Government Printing Office, 1902. ( Ictavo. 

Directiotis for Preparing Study S[iecimens of Small .Mammals, by Gerrit S. Aliller. 
jr., assistant curator, division of mammals. Part N of I’.nllctin of the United States 
National Museum, No. 89. Second edition, revised, with abstracts in German, 
French, and Spanish. AA’ashington; (iovernment Printing Office, 1901. Octavo, 
pages 25. 

Directions for Collectors of -American llasketry, by Otis T. Alason, curator, division 
of ethnologv. Part P of Bulletin of the Uniteil States National Alu.'eum. No. 89. 
AA'ashington: (iovernment Printing Otlicc, 1902. Octavo, pages 81. 

Bulletin of the United States National Aluseum, No. ,50. The Birds of North and 
Middle -America, hv Robert Ridgway, curator, division of birds. Part I. AA'ashing- 
ton: Government Printing Office, 1901. Octavo, pages x.\.\- -715, with 20 plates. 

Bulletin of the United States National Museum, No. 51. .A list of the Publications 
of the United States National Museum, by Randol])h 1. Geare, chief of correspond- 
ence and documents. AA'ashington: Government Printing Office, 1902. Octavo, 
pages vii— 168. 

V. ITBI.K .ITIONs or THE .VsTKOPH YSIC \ t. oliSERV (TORY. 

-A second edition of A'olume I of the -Annals of the .Astrophysical Observatory 
was printed during the vear from the stereotyjie plates as corrected for the following 
Senate document, of which it formeil a part; Senate Document No. 20, Fifty-seventh 
Congress, first session. Report of the Secretary of the Smithsonian Institution of 
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all appn >priation^ heretofore expended l)y the Astrophysical Observatory, results 
reached, and present condition of the work. In response to Senate resolution of 
Fel)ruary 2o, 1901. Wasliinoton: < iovennnent Printing Ottice, 1902. Quarto, jiages 
xx.xiii— oOS, with 44 plates. 

VI. PrBLIC.CTIONS OK THE HUKEAI' of .CMERICAX ETHXOUHiV. 

Eigbteentli Annual Report of the Bureau of American Etlmology to the Secretary 
of the Smithsonian Institution. 1896-97. By J. \V. Powell, Director. In two 
parts. Part II. Washington; Government Printing Office, 1899. Imperial octavo, 
pp. .'>21-997. w ith 07 plates. Cmiti nf.-i: Indian [.and Cessions in the I'nite<l States. 
Compiled by Charles C. Royce, with an introiUu’tion by Cyrus Thomas. 

The separate papers of Part I of the Nineteenth Annual Report were received from 
the jirinter and distributed Itefore the close of tlie fiscal year, hut the bound volume 
was not completed. The two jiarts of this report comprise the following papers: 

Report of the Director, jiages .\i-xcn, frontispiece. 

iMyths of tlie Cherokee, by James Mooney, pages 3-.54S, plates i-x.x, figures 1-2. 

Tusayan iMigration Traditions, by J. W. Fewkes, pages .t73-634. 

Localization of Tusayan Clan.s, by Cosmos Mindeleff. pages 03.5-0.>;i, plates x.vi- 
x.wiu, ligure •'!. 

iMouiiils in Northern Honduras, by Thomas tiann, pages 6.>t-692, plates xxix- 
XXXIX, figures 4-7. 

Mayan Calendar .Systems, by Cyrus Tlioinas, pages 093-819, plates xl-.xliv, fig- 
ures 8-22. 

Primitive Numbers, by W J McGee, pages 821-8.M. 

Numeral Systems of Mexico and Central America, by Cyrus Thomas, pages 
8.10-95.1, figures 28-41. 

Tusayan Flute ami Snake Ceremonies, by J. W. Fewkes, pages 9.i7-1011, ])lates 
XLV-I.xv, figures 42-40. 

The Wild Rice Gatherers of the Cjiper latkes, by A. FI. Jenks, pages 1013-1137, 
plates i.wi-Lxxi.v, figures 47-48. 

Bulletin 20. Kathlamet Texts, )>y F'ranz Boas. Washington: Government Print- 
ing Office, 1901. Octavo, pages 201, with 1 plate. 

VII. inUI.K'ATIO-VS OF A.MERICAS Ill.STORICW, .\.ssO( T VIIOX. 

The Annual Report of the American HDtorical As-sociatioii for the year 1901 was 
sent to the printer toward the close of the fiscal year, and most of it was in tvjie 
before June 30. The report is in two volumes, with the following contents: 

Viihiijii- J: Report of Proceeding of Seventeenth Annual .Meeting at IVashington, 
D. C.. December 27-.31, 1901, by Charles H. Ila-kins, corresponding secretary; An 
Cndevelopeil Function, Inaugural address liy President Charles Francis Adams; 
The Massachusetts Public Rcconl Commission and its Work, by Robert T. .Swan; 
The R(4ation of the National Library to Historical Rc.search in the Ciiited States, 
by Herbert Putnam, I.ibrarian of Congress; The Sandemaiiians of New England, by 
Prof. IVilliston Walker; James Madison ami Religious Liberty, by Gaillard Hunt' 
The Chronology of the Erasmus Letters, by Prof, Ephraim Emerton; Moses Coit 
Tyler, by Prof. George L. Burr: Herbert I! Adams, by Prof. John M. Vincent- 
Maryland’s First Courts, by Dr. Bernard ('.Steiner; Southwestern Historv in the 
Southwest, by Prof, George P. Garri-on; Committees of (.'orrespondence of the 
.American Revolution, by Dr. Edward D. Collin-.: .lay’s Treaty and the Slaverv 
Interests of the United States, by Frederii- .\ustin Ogg; The Legislative Historv (if 
Naturalization in the United States, 177t)-179.-,. |>y F. G. Franklin; The Intluence of 
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Party upon Legislation in England and America, by Prof. A. Lawrenc e Lowell 
(with four diagrams) ; London Company Records, by President Lyon (x. Tyler; 
The Relation between the Virginia Planter and the London Merchant, by Prof. 
John S. Bassett; Index. 

Volume II: Georgia and State Rights, prize essay bj- Ulrich Bonnell Phillips; 
Report of the Public Archive.s Commission. 

VIII. N.CTIOXAI. SOCIETY OF THE D.AUOHTERS OF THE .C.MERIC.VN" REVOLUTION. 

The fourth report of the Societj' was received and submitted to Congress. 
Respectfully submitted. 

A. How.crd Cl.irk, Editor. 

Mr. S. P. Lingley, 

tSerreturi/ Sxnitlieoiiion luatitution. 

August 1 , 1902 . 



Appendix VIII. 


REPORT OF THE REPRESENTATIVE OF THE .SMITHSONIAN INSTI- 

TI’TION AND NATIONAL MUSEUM, PAN-AMERICAN EXPOSITION, 

BUFFALO, NEW YORK, 1901. 

Sir: I have the honor to submit the following!: report on the Pan- American Pixposi- 
tion, liehl at Buffalo, N. Y., from May 1, 1901, to November 2, 1901, inclu.sive: 

Participation in this exposition by the Smithsonian Institution and National Museum 
was provided for in the act of Congress, approved March 3, 1899, a]ipropriating the sum 
of §200,000 for a Government building and the sum of 8300,000 for a Government 
exhibit. Of the latter sum §.o0,000 was allotted to the Institution and Museum, and 
§2, .500 was transferre<l from the allotment of the Interior Dei)artnient for the joint 
preparation of a restoration i.if the gigantic extinct American reptile known as Tri- 
ceraiopf. Subsequently the Smithsonian allijtment was assessed 81,960.79 for a gen- 
eral exhibit from the Philippine Islands to lie prepared under the supervision of a 
special committee of Government board, and 8200 was» transferred to the allotment 
of the AVar Department. The net .‘^mith.sonian allotment was, therefore, 8.50,339.21. 

All the dependencies of the Institution were represented by separate displays 
except the Bureau of American Pithnology, which cooperated with the Department 
of Anthropology in the National Museum. 

The space in the ( tovernment building assigned to the Institution and Aluseum was 
at the northwest corner and compri.wed about 7, .500 sijuare feet, having a frontage on 
the main ai.sle of about 1.33 feet and a depth of .56 feet. 

The act of Congress providing for the < iovernuient exhibit stipulated that it should 
comj.rise ‘'such articles and material as illustrate the function and admini.utrative 
faculty of tile (iovernment in time of peace and * tending to demonstrate 

the nature of our institutions and their adaptation to the wants of the people.” 
Following out the spirit of tlie law, the exhibits of the Institution and Aluseum were 
planned to show their .“cope and methoils of work, ami at the same time to indicate 
their resources. 

In the case of the Nation.al Aluseum such to[>ics were chosen for illustration as 
were germane to the central idea of the exposition, namely, a displav of the [.rod- 
in-ts of nature and the works of man in the Western 1 lemisuhere. 'I’he Aluseum on 
this oci-asion, as previously, preiiared much larger exhibits than the other bureaus 
of the Institution, on account of its peculiar functions and resources which lit it to 
[larticipate extensively in enterprises of this kind. The displays of ilic other bureaus 
were nece.ssarily liniiteil, for the most jiart, to such pictures, models, and publications 
as would serve to indicate the material witli which ami the conditions under which 
their work is carried on, and some of the results of their activities. 

s.MiTiisoNi.^x i -XsrrrrTio.x crockk. 

The work of the Smith.sonian Institution covers fields more varied than is gener- 
ally supposed. It may be a surprise to many to know that by the Congressional act 
of its foundation it is devoted primarily to art and only secondarily to science. One 
of its interests, which has not hitherto Is-en presentei'l in a temporary exposition, is 
the flustering of art. To impress on the minds of the public the fact that this is a 
110 
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feature of the work of the Institution, two series of reproductions of paintings were 
exhibited, one representing the history of painting and the second tiie history of 
portraiture. These two important topics could be illustrated only in outline on 
account of limited space, hut the series included reproductions of a considerable 
number of the greatest paintings and portraits of all epochs and schools. 

In addition, the exhibit of the Institution included a complete set of its publica- 
tions and those of its bureaus; portraits of the secretaries; personal relics of James 
Smithson; a cast of the bronze tablet recently placed on the tomb of Smithson at 
Genoa, Italy; a copy of the seal of the Institution; obje<-ts and papers relating to 
the Hodgkins fund, including puhlication.'i, medals, and a ])ortrait of the founder, 
Thomas G. Hodgkins; two large photographs of the jcrodrome of Secretary Lang- 
ley; a picture of the Smithsonian building; and cojties of the history of the lirst 
half century of the Smithsonian In.stitntion. 

The exhibit of the In.stitntion was installeil in the extreme northwest corner of 
the building. It was a.ssendded, umler the direction of the Secretary, by Dr. Richard 
Rathbun, Assistant Secretary. 

BfRE-ir OF -V.MERICAX ETII.XOLOOV. 

As already stated, this Bureau made no separate exhibit at Buffalo, but eodperated 
with the department of anthroirology of the National Museum. Dr. W .1 McGee, 
of the Bureau of American Ethnology, made an expedition to Sonora. Mexico, for the 
purpo.se of obtaining a collection representing the arts of the Seri Indians. On 
reaching their cmnitry, however, he found that the tribe wa.s exterminated, and he 
then turned his attention to the ('oeo[»a Indians, from whom he obtained an impor- 
tant collection. 

NATI0X.\l, ZCMlLOOICAL I’AKK. 

The chief exhibit of the [lark was an elaboMte ndief model show ing the topo- 
graphical features of the grounds and the location of the animal houses, paddocks, 
ranges, and cages. This was supplemented by photographs of some of the principal 
houses and of picturesipie points in the park. 

lU KKAC OK I.XTKKXATIoX.M, K\lll\Xl.ES. 

It will he appreciated that the work of the Bureau of Exchanges does not lend itself 
to exhibition by material object.s. The exhibit at Buffalo consisted of a set of ( iovern- 
ment jiublications such as are distribute<l annually to other governments throughout 
the world, and a series of photographs show ing the interior of the ottices of the Bureau 
in IVa.shington and the receipt and dispatch of consignments of scientific publications. 

C.STHOCII VSICAI. ODsKKV \TOK\ . 

The exhibit of this Bureau was selecteil and prepared, under the direction of the 
Secretary of the Institution. 

The principal object in the exhibit was a ]diotoi:ra]di of the infra-red end of the 
solar spectrum, showing the work of the ( tb.'Jervatory on this .'-nbject for a iieriod of 
year’s. The photograph was enlarged so as to have a length of about JO feet, and 
was displayed on the north wall. There was also exhibited a series of photograjihs 
of the solar eclipse, as observed at M ayneshoro, X. C. 

In a table case near by was shown a copy of Vidume I of the Annali nf iJie .I.vtrrc 
plqixicdl Oyemttorij, a new serial publication containing the results of the work of 
the Observatory. The following objects were also exhibited: The bolometer, or 
electric thermometer, an extremely sensitive instrument, the invention of Mr. 
Langley, used in measuring the heat of the invisible sirecti'um of the sun, the tem- 
perature of the stars, etc. ; jihotographsof other instruments used in the Observatory, 
such as the siderostat, galvanometer, ami spectrometer; photographs ot the exterior 
and interior of the Observatory buildings in the Smithsonian grounds. 
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The exhibit of the National Museum, as on previous occasions, occupied very 
much more space than those of the other bureaus of the Institution. 

It was planned to show the scope and methods of the Museum and at the same 
time to illustrate as far as practicable some topic germane to the general idea of the 
expo.-^ition implied in the name Pan-American. The three administrative depart- 
ments made separate exhibits, but the lines of separation between the various sub- 
divisions in these departments were not recognized in every instance. 

Depnrtiiunt of AiitliropoJogtj . — The exhibit of this department of the Museum was 
planned and prepared by Mr. AV. H. Holmes, head curator, assisted by the scientific 
staff. It occupied the south end of the Mn.seum space. 

This exhibit was planne<l with the view of representing the various aboriginal 
peoples of America and the material products of their activities. 

Gi-oiijis- of hifi figures. — Twelve of these groups were e.xhibited, each rejiresenting a 
family ( man. woman, and children ), and each with an appropriate setting, indicating 
customs, arts, and general environment. Alany of the figures were prepared espe- 
cially for this exposition by skille<l .sculptors and preparators, under the personal 
direction of the head curator, and were tlie best objects of the kind the Museum has 
ever exhibited. The two largest groups— those of the Greenland Eskimo and Pata- 
gonians — occupied cases 12 feet long and 8 feet wide. The other 10 groups were 
somewhat smaller. A complete list is as follows: (1) North Greenland Eskimo; ( 2) 
Ea.stern Eskimo; (3) Alaskan Eskimo; (4) C'hilcat Indians, Alaska; (5j Hupa Indians, 
California; (d) bioux Imlians of the Great Plains; (7) Navajo Indians of the arid 
region of the United States; (8) Zui'ii Indians of the arid region; (9) Cocopa 
Indians, Sonora, Mexico; (10) Maya Quiche Indians, Guatemala; (11) a Zapoteo 
Indian woman, Alexico, a Jivaro Indian man and a Piro Indian man, Brazil; (12) 
Tehuelche Indians, Patagonia. Nos. 2, 3, and 11 were not complete*! as family 
groups. 

I>irellhi(i group niudrlr. — Tliis .series consisted of thirteen models, each about 4 feet 
long and 2 feet wide, representing the houses and outbuildings and appurtenances 
occupieil by a family or communal group. The following is a li.-t of those models : 

(1 ) Snow houses of the Eskimo: |2) earth house of Alaskan Eskimo; ("3) wooden 
dwellings of the northwest coast Indians; (4) skin and liark covered loilges of tlie 
.Montagnais Indians, Labrador; (.5) (Iwellings of the Sierra Bigger Indians, California; 
(8) skin lodges of the ( ireat Plains Imlians; (7) grass hou.ses of the AVichita Indians 
of Indian Territory; (8) earth lodges of the Pawnee Indians, Ilakota; i 9 I cliff dwell- 
ings (ruins), Arizona; (10) grass ami adobe houses of Papago Indiana, old .-tyle, 
Arizona; 111 ) gra.ss and adobe houses of Papago Indians, late forms; ( 12l pile dwell- 
ings of the A'enezuela tribes; (13) skin shelters of the Patagonians. 

Kihihiti il/iisti'iiliiig lendhiij iirliritirs of Ainrrirnii ahoriijiitrs. — These exhibits thir- 
teen in nundier, were designed to show the status of various American native races 
as regards culture. The series presented were as follows : (li Fire-making apparatus- 

(2) bows and arrows; (3) throwing sticks; (4) harpoons; f,-)| \vater craft; (ti) bas- 
ketry; I 7) woven fabrics; (8) pottery; (9) sculpture; |10| jiersonal-ornanient neck- 
laces; (11) tobacco pipes; (12) pictography ami writing; ( I.'!) musical instruments. 

These series were shown in standanl Aluseum cases, 8.1 feet long and 7 feet hio-h 
and compriseil many hundred objects of importance and general interest 

Depxirlnient of Blologg.—The exhibit of this department of the Museum xvas planne<l 
and prepared by Dr. F. AAL True, head curator, with the assistance of the staff of 
the divisions of mammals, birds, reptiles, and (ishes. 


The exhibit of the department was projected in harmony with the general theme 
of the exposition and only American animals were exhibiti-d. .\s space was liuiite<l 
only vertebrate animals were inclmled. In onler to fill gaps in the series a- far as 
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1 post^ible and to make the eollection more significant, small collecting expeditions 
I were sent out to Cuba, Porto Rico, Florida, and the Amazon River. These obtained 
many fine characteristic specimens not ])reviously well rejiresented in the Museum 
j collections. The exhibit as a ^^■hole represente<l very satisfactorily the most impor- 
* tant, interesting, and attractive American vertebrates, l)f)th large and small. 

' Mammuh . — The collection of mammals included such large forms as the moose, 

f elk, mu.«k ox, Caribbean seal, Ko<liak bear, wolf, puma, manatee, mountain sheep, 

mountain gi.uit, etc. A considerable numher of specimens were mounted especially 

C for the expo.dtion, and represented the be.-t efforts of modern taxiilermy. Several 

important species recently di.scovered, such as the (llacier bear. Kodiak bear, Stone’s 

- sheep, etc., M ere included in the exhibit. 

Jlirdx . — The collection of birds was the largest series displayed by the de]vartment. 

Such large characteristic birds as the condor, wild turkey, Mhooiiing crane, Cali- 

tC fornia vulture-, etc.. Mere re])resented by exceedingly fine .«])ecimens, mounted in the 

Ac verv best manner. The smaller birds inchiiled numerous species remarkable for 

^ 

■yt their brilliant colons, peculiar habits, or grotesque form, and as a M'hole the series 
-tj- Mas ealculate<l to give the visitor an <‘xeellent iilea of the varietv and beautv of the 
American bird fauna as a M'hole. An extensive collection of humming birds, an 
e.xelusively American family, Ma.s shoM ii in a special ca.ie. 

Jli'ptili'n (1)1(1 iKih'iicIilditx . — The collection of these tM'o classes uas much smaller 
than the others, as the Museum had no considerable exhibition series ready at hanil 
to draM' upon, and to obtain suitable material M'ithin a specified lime is a matter of 
the greatest dittieulty. The number of suitable sjiecimens finally obtained, hoM cver, 
proved greater than could be accommodated in tlie small sjiace uhich it seemed 
prudent at the outset of the enteriirise to allot to the.se tao cla.sses. M'hich sjiaee M'as 
f at the la.st moment still further reduced to provide the neces.sary aisle room. Some 
^ such remarkable forms as the mata-mata tortoi.se and the large -Amazon River tor- 
toise, though ready for exhibition, M'ere finally croM'deil out. 

The exhibit included the more important .Vmerican poisonous and nonpoisonous 
.snakes, various fresh-Mater and l.iml tortoises, characteristic lizards, including the 
large Cuban iguana, and a feu' toads, frogs, .salamanders, and other amiihibians. 
Among the largest specimens Avas a t<jrtoise knoMu a.s the alligator snapper, M'hich is 
the largest of -American fresh-M ater tortoises, and a l»a constrictor. 

Fixio'x . — The collection of .\merican fishes Mas in three divisions: (1 ) -A general 
scries of painted casts of characteristic marine and fresh-Mater sjiecies; ( 2 ) a series of 
subtropical marine fishes from Key AVest, Fla., jireserveil in formalin; and I .'!) a .series 
of the fishes of the Amazon River, also pre.serve<l in formalin. The collection 
included the liest casts in the Aluseum ])ermanent series. It is imi)racticable to 
mention the species in detail in this jilace, but the series as a M'hole Mas especially 
strong in important food and game fishes of the lakes and rivers of North .\merica, 
and of the -\tlantic coast, and characteristic South .\m<'rican species. 

A special exhibit in this class consisted of an enlaige<l model of a remarkable ]>hos- 
phnresceut deep-sea fish, so installed that the luminous .«pots in the sides and the 
lantern-like jwotuberance on the head Mere made to ghnv as in life. 

The mammals exhibited by the Department of Biology M ere in.-,tallecl in tMO large 
Mall cases, each 40 feet long, in the cimter of the Museum space, the fishes in a 
similar but shalloM' case at the Mcst eml, the birds in eight .■-tandard Mu.senm ‘‘door- 
screen” cases, and the reptiles ami batrachians in four standard “slope-toi)” eases. 

-A large j>roi)ortion of the sjieeimens in each of the five classes Avere jirovided Avith 
descriptiA'c labels in nontechnical language, in which the habits and geographical 
range of each species Avere cited, together with other items of general interest. 

l)('ji(irl)))e)(l of (Ico/o )/)/. — The exhibit of this department Avas jfianned and arranged 
by Dr. George P. Alerrill, head curator, Avith the as.-istance of the scientific .staff. It 
occupied the north end of the Aluseum space. 

.SM 1!»02 8 
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The fxliit)it fdlldweil, as far as circunistances WDuld pt-niiit, the Hues of the 
pernuiueiit exhibitidii series Ilf tlie iMuseuin. Kaeh ilivisiiiii nf tlie ilejiartuieut was 
represented, and in addition tliere was ineludeil a full-sizeil restoratidii of tlie skeleton 
of the hufte extinet Anieiiean reptile Tricerntajts^ prepared and exhibited eonjointly 
by the iluseinu and the United iStates (Teologieal Survey. 

J>irisiijn of — The di.iplay made by this division comprised three seeris, (1) 

a collection of rocks from the Hawaiian Island.s, (2) a series of native elements, 18) 
a series of concretionary forms. The collection of Hawaiian rocks, which occupied 
one case, consisted mainly of specimens obtained by the United States Exploring 
Expedition in 1840, by Hr. A. B. Lyon in 1.892, and Prof. C. H. Hitchcock in 1899. 
The rocks of these islands are all of igneous character, except the limestones of the 
coral reefs along the shores. 

The series of native elements comprised those sixteen, such as sulpbnr, arsenic, 
gold, etc., which occur in an uncondiined state in the earth’s crust. The full .“cries 
was as follows: Carbon, sulphur, selenium, telurinm, arsenic, antimony, bismuth, 
gold, silver, copper, lead, mercury, platinum, iridosnune (iridium and osmium ), and 
iron. This collection was installed in a s|«'ciai lase. and particular care was taken 
w ith the details of mounting to emphasize its signiticance. Among the most inter- 
esting objects included were a \ery )ierfecl cry.stal of diamond from South .\frica 
( representing carbon) and a nugget of platinum from Russia weighing 444 grains. 

The serie.s of concretionary forms included aiiecimens of orbicular granites from 
Rhode Island, Sweden, and Finland, and of septarian concretions of clay ironstone 
from (New A'ork, Kansas, and Weymouth, England, and other localities. These 
occupied a wall case. 

Dirinion of .1/oi('i'i(/o_i/;/. — The exhibit of this division consisted i if an extensi\ e series 
of minerals, very carefully classified, arranged, and labeled to illustrate the methods 
employed by the Aluseum when exhibiting large, systematic collections. The series 
comprised about oOO specimens and was accompanied by 47 grou]i labels in addition 
to individual labels for each .“pecimen. It occupied four standard .Museum ‘'slope- 
toj) ” floor cases. 

Diviniou of ,Sli’Ulii/ri(p}iii- Piilcoiiloloiji/ — Ifirhon III Jiiri i'U'hroti.’ FokkiI.i, — This section 
exhibited two series of invertebrate fossils, crinoids and cepihalojiods. 

The crinoids, or stone lilies, were represented by specimens of 94 genera, and the 
cephalopoils (cuttlefish, sipiids, etc.) by specimens of 148 genera. They were 
accompanied by de.“cripti\c labels, the technical terms in which were explained by 
a special series of specimens artificially colored to draw attention to the particular 
parts referred to. The collection was installed in live standard Mii.-eum '■ door 
screen” cases. 

Si’rtioii if Virlihriito Fuiixil.y. — On account of the limited space, but few \ertebrate fos- 
sils could be exhibited. The exhibit consisted of a full-size restoration of the skel- 
eton of the Tertiary American rcptil-, V'ric/riito/i.s, mention of which has alreadvbeen 
made; a skeleton of a cretaceous fossil toothed bird, //i.«p, ,o,vo'.,; a restoiation Hf the 
skeleton of 7i'(i<//odo)i, an extinct whale-like mammal fiom the Eocene, and bones 
and skulls of the mastodon, mammoth, and tituiiofheriiim. 

In the case of Trinrutojis, a small model ami painting showing the probable 
external appearance of the animal Were exhibiti d with the i estoration of the skel- 
eton, and a large oil paiiitimg icprcseiitiiig the creature in its native tields was dis- 
jilayed on an adjacent wall. 

Dr. F.W.True, representative for the In.stitution and Mn-eiim on the ( iovernment 
board, was also chairman of the special committee on exhibits from the Oiithiim- 
Possessions of the Enit. d States. Mr. W. V. Cox, chief special agent, was also'sir- 
retary of the (iovernment board. 
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Sit)intnn‘i/ of oUotmenta ttindt’ to the Siitithaiothni Inditotion. 

Original allotineiit SoO, 000. 00 

Tran.^fer from the Interior Dejiartiuent allotment '2, .500. 00 


Gross allotment 52, 500. 00 

Transfer to the allotment for Philippine exhibit $1, 960. 79 

Transfer to War Department allotment llOO. (10 

1’, 160. 79 

Net allotment .50, :;:>9. 21 

i dotenii iiJ of ej petutUni'ts of the Jnufta ollotled to tio Sitiillo^onioti [ottUotloo. 

Serviei's of nieehanics and lahorers and eare of exhibits S9, 221. 47 

Ser\ ices of clerks and assistaids 4S4. .50 

Tra\el and snbsistence (^ Wa.shington and Jbiffalo) : 

Railroad fares .t<l, l.Sl. 9.5 

Sleepinjr-ear fares 22S. .50 

Incidental travelinj; expen.“es (iO. ,s.5 

Per diem allowances in lien of sid)sisteiiee l,!((>l.-.5 

:!S2. 55 

Freight, cartage, and expressage 1, 2t)4. 52 

Specimens and con.struction of exhibits for National Mu.seuni (including 

materials, services, field expenses, etc.) 26, 148.511 

Supplies (hardware, glass, and Unnl>er for eases; packing material, etc. I. 5,027. 15 
Oftice and miscellaneous expenses 1. 757. 90 


50, 286. 62 

Unexpended halance ' 52. .59 


50, :i;i9. 21 

18tatenient corrected to Marcli .s, 1902. 

Respectfully suhmitted. 

Freuerk k AV. Tri e, 

liepi'Cei'ntatli t Smithsoiihin l/istitutioii Kiot Viiitnl •Stnlex Xation'd inoitUii), 

Poii-Aiiiericun E.rjiru<itlon. 

5Ir. S. P. L\X(,lev. 

Pt’rfctarif if tio' Siiiitlinonmn Iiintltiition. 

.IrxE hs, 1902. 
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The object of the Gexekai. Aitendix to the Amuuil Report of the 
Sniithsoniiiii In.stitution i.s to fiiniish brief accounts of scientitic discov- 
er\' in particular dirc'ctions; reports of investiffations inadi' by collab- 
orators of the Institution; and memoirs of a j^eneral chaiacter or on 
special topics that are of interest or value to the numerous correspond- 
ents of the Institution. 

It has been a })rominent ol>j<'ct of the. Hoard of Rt'oents of the Smith- 
.sonian Institution, from a very early date, to enrich the annual report 
required of them by law with memoirs illustrating- tlie more remarkii- 
hle and important developments in physical and biological discovery, 
as well as showing the general character of the operations of the Insti- 
tution; and this purpose has. during the greater part of its history, 
been carried out largely by the publication <»f siu h papers as would 
possess an interest to all attracti'd by .scitmtitic progi’css. 

In ISSO the tSecretary, induced in part by the discontinuance of an 
annual summary of progress which for thirty years previous had been 
issued by well-known private })ublishing tirm.-', had ])i-epared by com- 
petent collaborators a series of abstracts, showing concisely the prom- 
inent features of recent .scientific progrc.ss in astrononyv. geology, 
meteorology, phvsics. chemistry, mineralogy, botany, zoology, and 
anthropology. This latter plan was continued, though not altogether 
satisfactorily, down to and including the year 1888. 

In the report for 188!) a return was made to the earlier method of 
presenting a miscellaneous sel(?ction of papers (some of them original) 
(“lubracing a considerable range of scientific investigation and discus- 
This method has been continued in the present report for lb<»d. 


Sion. 



RECENT AERONAUTICAL PROORESS. AND DEDUCTIONS 
TO RE DRAWN THEREFROM. REOARDINO THE FUTURE 
OF AERIAL NAVIGATION." 


Ry Mil]’. R. F. S. RADEN-PtlWKLL. 


It is with feelinys of tho orcatost .■^atistfu’tioii that I am now al)le 
for tlie first tiino to adfln-ss tho socioty in tin' raiiacity of its prosi- 
dent, and I must soiz(' this opportunity of oxprossing to you my 
heartfelt thanks for the very g-reat honor which you have confern'd 
upon mo l)y elooting mo to this position. I can not hut fool tluit my 
lal)ors in tlio past, tliough \ ariod and dipping into almost ovory hranoh 
of aeronautios. have not been so extensive or so prominent as to war- 
rant my selootion for this important post, hut noviutholoss I sinoi'roly 
hop(' that, with freer oppt)rtimitios. I may. in the inmu'diate future, 
he able to accomplish much more in tho work we have hiT'ore us. 

My ahsonce from England during tho last three yi'ars. on active 
service in South .Africa, has pn'ventod my fulfilling many important 
duties for the society during si ptnuod of unusual activity and impor- 
tance. hut. on the other hand, tho time 1 hav(' spcmt on tho ••trackless 
veldt," and in the monotony of camp life, has not. I hope, been 
wasted, as ample opportunity has l)oen atl'ordod for careful meditation 
and consideration of tho whole subject which it is tho otijoot of this 
society to study. I therefore propose not so much to give a technical 
lecture on the various ('xperiments of I'l'cent years- you have had 
better opportunities than I of studying these — as to endeavor to make 
clear our pi’csent ])osition. 

During these three veai’s many great events have taken ])lac(' in the 
aeronautical world. Count Zeppelin's monster air. ship, built on sound 
scientific principles, of enormous size and quite ditferent in design to 
anvthing made befonu hiis l)een eompleted, and has made successful 
ascents, although. I much regn't to have to add. has not succeeded 
in traveling through the air at a suHicient speed to warrant its l)eing 
considei-f'd a practical success. 

"PresMciitial aiMress before the .Veronautical Society of (treat Britain. London, 
December 4, Ueiirinted l)y |ierinission of the author and tlie Society from the 

.Verciitantical .tonrnal. No. ^ ol. \ tl, .January. ]!i().,. 
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Thoii we come to M. Santo.s-Diiiiioiit's many more or less successful 
trips in his navigable balloons, which, if not demonstrating any new 
principles, has shown what perseverance and attention to detail can 
ichievt'. Though we have learned some useful practical lessons, and 
have be(‘n given data of great value for future experimenting, unfor- 
tunately the actual results attained carry us so little beyond what was 
accomplished twenty years before by MM. Renard and Krebs that 
one begins to think whether we have not nearly reached the end of the 
tether as regards the propul.sion of balloons. 

'Fhe unfortunate calamities to ^I. Severo’s and more recently to M. 
de llradsky's balloons, as well as the absolute failure of M. Roze and 
others, only tend to confirm this giowing opinion. The latest 
accounts of M. Le))audy's balloon seem to make out that it has accom- 
plished more, but we must await the results of more prolonged trials 
before we can come to any decision. Mr. Stanley .Spencer’s trip ov'er 
London in a navigable balloon, though it proved nothing as regards 
the dirigibility or inherent speed of the machine, attracted some 
interest in the matter. 

Besid(‘s these wt' have heard of various experiments with living 
machines proper. Herr Kress is said to have risen oti' the surface of 
the water, but owing to some mismanagement the machine turned 
downwards and fell in the water again. In Australia Mr. Hargrave 
has constructed a large machine. In America Mr. M'ilbur Wright 
and his brother have been making wonderful progress with gliding 
machines, and Professor Langley has been hard at work constructing 
a large new machine. He informed me the other day that in a verv 
short time we might expect to hear .something of this — something bio-. 
It might, he added, be a big smash! Rut he wisely intends trying it 
over water. 

Then, too, like the invisibh- universe of dark stars that .Sir Robert 
Ball talks about as being possibly more extensive than that of those 


seen, there are probably more inventions being woi’keil at in private 
than we ever hear of publicly, and many of them are doubtle.ss of 
great importanct*. It is only recently that the results have been pub- 
lisht'd of the valuable experiments with aerial-scrt-w propelh-rs which 
Mr. ^V. (1. Walker conducted for Mr. Alexander. 

Another sign of progress in the subject of aeronautics during the 
last few years has been tin- establishment in England of two more 
public bodies, the Aero Clid) and the Aeronautical Institute the for- 
mer having been established for tin- encouragement of balhm'nino- (and 
possibly Hying) as a sport, whih- tin- latter aims at interestiim the 
working cla.ssi's in tin' subject. 

I may here s(>ize the opportunity of explaining to our visitors -md 
others the objects of our so,-iety. and why it is that we make so mm-h 
of a study ^^hlch to tla-ni may seem somewhat chimerical and of no 
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very special merit, and by explaining these I hope to enlist their s^ ni- 
pathy and support to the movement. For I have before now been 
asked: " \Vh\’ should it be nece.ssary to have a society for the study of 
aerial navigation' Where is the importance of it ' Why not institute 
a society for submarine navigation, for wireless telegraphy, or for the 
encouragement of any other novel invention for the improv ement of 
means of communication or warfare F’ But useful as many such 
inventions ma\’ be, none can have the great importance which may 
some dav be attached to the machine which navigates the air. 

And there are two rcaisons why this sul)ject is a large oiu'. I’he first 
is that the science of aeronautics is one combining many branches and 
spreads into many ramifications. We have aerial machines as thev 
exist to-day. The balloon, forming a uniipie and fasciirating mode 
of travel, enables us to mount high into the skies to obtain glorious 
views of earth and cloudscape, giving us a laboratoi'v for the study of 
many intricate problems of th(' atmosphere, and forming a valuable 
instrument of war. We must study how this passive buoy may be 
improved upon, what new m.aterials may be applied to its construction, 
gases, methods for causing it to rise and sink, and means of directing 
it out of the course of the wind. But we also have the more difficult 
problem of how to drive it through the air so as to make it inde- 
pendent of the wind and go in any desired direction. C’loseiy con- 
nected with this is is the subjeet of kite flying, whether for man lifting 
or meteorological observation, of parachutes, and of soaring machines. 
All these necessitate a certain knowledge of the various branches of 
meteorology, which is to aeronautics as hydrogaphy is to marine nav- 
igation. Then we have the study of birds and other flying animals as 
a natural sequel to the science. 

The second reason for the importance of this subject is the vast 
future which appears open to it. If such an apparatus can be con- 
structed as will enable man to make pi-.ictical use of the highway of 
the air. there is promise of the sulqect becoming of even more impor- 
tance than marine navigation or railways. 

We have. then, not merely to consider the broad principles of the 
grmeral form of the ac'rial machine of the future— whether it is to take 
the shape of an artificial bird, a propelled kite, or a dirigible balloon. 
We hav(> to stuily the subject of aerodynamics, the eflect of air pres- 
sures on plane or curved surfaces traveling at various spet'ds and at 
various angles of incidence. We have to investigate the (>fticiency of 
aerial propellers of ditlerent forms, the stnmgths of materials, the 
(merg'v and weights of various forms of motors. 1 hen we must also 
studv the natursil curi'ciits of air, the variabilit\ of aii stiata. the 
trends of winds, and so on. 

'I'he I'lt'at rang!' of subjects to be gone into by our society is thus 
patent. iVIanv of our membt'i-s and others an* busily at work in some 
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pai’ticular groove, making steady progress in building" up their portion 
of the foundation of that great structure which vve all hope to see rise 
up in the future. 

But to return to the question of the recent progress in aerial navi- 
gation, I will now endeavor to point out and explain the present posi- 
tion we hold, and by considering the state of the subject as it at 
present exists to judge whether or not there is any real [irobabilitv of 
our attaining that great goal which most of us look forward to. 

Though it is improbable there are many here present to-night who 
do not look forward with feelings of confidence that artificial fiight 
will some day be accomjilished. yet there are still some few skeptics 
(most, if not all, of whom have never looked deeph" into the subject) 
who believe it impossible. For this reason it may not perhaps be out 
of plac(> in siich an address as this to point out our reasons for main- 
taining this belief. 

The first great argument in favor of it is that birds fly. If we had 
never seen such a thing as a bird, many of ns might reasonablv argue 
the thing to be itnpossible. But there they are. Not only can they 
rise in the air, not otdy progress at a very rajiid rate throiigli it, but 
the\’ can continue the movement for long periods and in almost anv 
weather, ft is ([iiite certain now that birds do not possess anv verv 
extraordinary power: but if they did we could probably ‘"go one 
better" with the modern very compact and light oil engines. We ha\ o 
now compress('d the strength of a horse into a little motor wtdghing 
no more than a large bird. Tlnu’c is tin' power. Can it be applied^ 
iMany people lan e argued that the flight of a bird is dependent on 
some valvular action of its feathers. Let it be so; but how do vou 
account for the flight of the bat and of the flying foxt Others have 
thought that flight is only possible up to a certain weight, maintaining 
that the ostrich and the emu an* beyond that limit. But geolo'>"ists 
will point you out the fossil remains of a huge rt'ptili' which thev 
dechu'c flew in the air and weighed far mort*. 

But. lea\ ing nature, we may consid(*r what has been doni' bv man to 
justify our hopes. 

Though I belit've it may be .said that nearly all the authorities on 
the subji'ct are now of opinion that the balloon can not h(‘ considered 
as much mori' than an aid— to act as a stepping stone -to true flight 
yet there are many workers who consider that verv much 1101 ^ be 
accomplisln'd by propelled balloons. Some authoritii's have calcuiated 
that a speed of -14 miles an hour might be practically attained, but not 
more. 

M. Santos Dumont and others have shown us what can b(‘ done with 
a little <-igar-shap.>d balloon. Th.q have .dearlv demonstrat(>d the 
.lifiiculties to be ovemome. If i> \ery palpable that the surface of 
such a balloon must be ..till and rigid. ()„<■<> it gets llal)bv it can not 



KKC’ENT AERONAUTICAL PROGRESS. 


125 


be jiropelled — the .skin will vibrute and add to the re.sistanee: the nose, 
unless distended by framework, will be drixam in and offer jfrcat 
resistance; the gas will be drix’en back toward the after end, and the 
balance be disturbed. To preserve this nece.s.sary rigidity all the 
earlier navigable balloons were kept taut by means of tlie balloiu't, 
but Count Zepj)elin ettected this by an internal franu'xvork. 

Count Zeppelin, as I have .said, .struck out a new line. By greatly 
increasing tlu' size of tlu' balloon, he had obtained so much more lift- 
ing power as to be able to add a complete framework that stitfened it. 
But it M as jji'obably solely oM-ing to this great size that the apparatus 
failea to be praetieally manageabh'. It may bi' compared to the (Ircdt 
Eadt-ru steamship, but M'ith the diflerence that at the time of its con- 
struetion Ma' had but the most ehmumtary experience of air xcssels 
projielled by engines. .Vt the same time this (mormous caj)acity had 
its advantages. Had it been of half the diameter and half thi' length, 
though the resistanc(“ to propidsion might have been only on('-([uarter, 
the volume and the lifting poxver MOidd only hav(.‘ b(>en om'-cighth. 
kSo that, instead of carrying engines of ;-)2-hor.s('j)o\ver. as was done, it 
might have only boon possible to carry .some of d-horsepower. Di’.- 
Pole, in his most valuable little treatises, years ago pointial out the 
advantages of very large xolume. 

One result, then, of recent experiments is that it seems (pdte practi- 
cable to build a navigable l.ialloon to go. we Mill say, 15 miles an hour. 
This, hoM ever, is not cpiitc otumgh. As the M'ind so often bloM's faster 
than this, it is unsafe to let the. balloon out on any but a very calm 
day; else, though ouly bloM’ing If! miles an hour, the machine will 
inevitablv be carried oil and have toxle.scend in strange fields far from 
its shed, and the ditiiculties of transporting it back may be so great 
that it mav even have to be taken to jiicces. Having successfully 
accomplished this much, however, it c(‘rtainly looks as if mc could 
improve a little and got the balloon to travel 2o or 2.) miles an hour, 
which Moidd be sufficient to stem the ordinary light breezes. 

We have learned many practical h's.sons from these recent ex})eri('nce.s. 
It is nece.s.sarv to make ellicient provision against the balloon caving in 
or buckling up. It is. of cour.se. most imjxu'tant that the engine shall 
be so constructed as not by any po.ssible means to be able to ignite the 
gas in the balloon. But e.specially mc have learned that- -speaking in 
g’oneral terms — for a cigar-shajied vicssel .some -G feet in diameter it is 
nece.s.sarv to applv a power of more than IC hor.sei)OMer (pn'siuning 
no cxceptionallv etlicient propeller bi‘ found) for it to be really etti- 
cient. This practicallv means that you must have a larger balloon. 

MM. Lebaudy have iiom' adopted a larger balloon, enalding them to 
carrv an engine of 40 horsepower, or more than double the i)OM-er of 
that of M. Santos Dumont. Colonel Kenard. also, is about to build 
one larger still, of some UU.GiM) cubic feet. Dr. Barton's proposed air 
ship is also designed to be of great size. 
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Fa.ssino- from the balloon — that is to say, any apparatus which dis- 
places a volume of air weinhinjj as much as or more than its own 
weight (and many thoughtless inventors are apt to neglect this detini- 
tion) — we find several ditferent types of machines M’hich show promise 
of success. 

Bc'ginning with the simplest, we have the gliding or soaring machim'. 
One of the greatest paradoxes in nature is .soaring flight. I have .said 
how doubtful many jieople might be about aerial navigation if they 
had never seen a bii'd fly, but we <-an <-ontidently a.ssert that no man 
would believe it possiljle for a bird to maintain itself for hour after 
hour in mid-air without the slightest moveimmt of its wings wore the 
actual demonstration of it not visible everyday. I will not now (-nter 
on a discussion as to how this is accomplished, ))ut will otdy say that 
there are inventors who hope to be able to emulate the albatross and 
•soar away into the heavens without any motive power or propeller. 
It seems so paradoxical that many laugh the id('a away. Hut the hard 
fact remains that liirds can do it. and therefor<‘ why not men f 1 
received a lettei' only a few days ago from Mr. O. Chamite, than whom 
there is probably no greater authority living on soaring flight. He 
•says that he had just I'eturned from witnessing this season's gliding 
experiments of the Brothers Wright, and that "they have made a 
very considerable advance since last year, and now glide at angles of 
()- to 7 . sustaining 12r> to 10(» pounds peu’ net horsepowei'. "Wright 
is now doing nearly as well as the vulture, is not far from soaring 
flight, and I am changing my views as to the advisability of applying 
a motor." 

I think thi> is a most remarkable statement, and there realiv .seems 
no reason why such expei ts. having attained proficiency in the delicate 
art of balancing themselves according to the various puffs and curnmts 
of air. should not b(' able to .soar away on the wings of the wind ami 
rmnain indefinitely in mid-air. 

The next genei-al type of apparatus that I may refer to is that of 
rising in the air by means of a .screw propidler mounted on a \ eitical 
shaft all ha\ e seen little toys ascend in the air woi'king on this 

pi'inciple. .V large machine of this .sort was recently construct('d in 
Paris, but the experiments of Mr. W. (f. "Walker, of carefully testino- 
th(' thi’iist and lifting power of various .scn'Ws. ha\'e amom>- the 
most important contributions to this .science. He Ims clearlv sIkjwu 
that it is po.s.sit)le to practically of»tain a thrust of 2.5 jjounds pei- hoi’se- 
l)ower. As (Migine.s are now made M-eighing no mon' than lu pounds 
per horsepower, it is clearly demonstrable that a machim' (»n this prin- 
ciple could be constructed to lift itself, carrying some 1.5 pounds per 
hor.seimwer over and above the weight of th(' engines, Kveii if not a 
practical form of machine for traveling through the air. it would be a 
most interesting ext)eriment to trv. 
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Finall}' we come to that variety of aerial machine which has been 
adopted l)y most inventors and which seems to promise tlie most satis- 
factory results. 1 mean what is known as the aeroplane. Sir Hiram 
Maxim brought this prominently forward many years ago. and both 
he and Professor Langlej’ have proved theoretically that it is the most 
economical form of apparatus; that is to say, that a giw'ii weight can 
be supported with less engine power than bv other methods. 

Great progress has also been achieved in recent years in this line. 
Lilienthal pointed out the gi't'ater efficiency of curved surfaces as com- 
pared to flat ones. Phillips and Hargniv<‘s experimenti'd furthi'r with 
aerocurves. Considering how much more we know about the subject 
now than when iVIaxim first laiilt his machiiu', it looks as though we 
might really hear of great results .shortly from .America or .Vnstralia. 

Our present position is, then, a hopeful one. Palloons have been 
gradually improved until we can ])ractically rely on Imilding one to go 
1.5 miles an hour and probably more. Large flying machines, giving 
practical experience of theii' construction, have betm built. Good- 
sized models have flown well through the air. Gliding machines, bal- 
anced and controlled by human effort, have be(>n maintained in the air 
for considerable periods and have de.scended at very gradual angles. 
And. what is of the greatest importance, small engines, giving great 
power for their weight, have steadily improved year by year, leaving 
but little for us to desire in this respect. 

All that we require, then, to attain practical flight, is to make a 
machine only slightly better than those already in existence. To 
accomplish this all that is required is a certain amount of skill and a 
good deal of money. 

There has often been a lot of wild .speculation about what might 
happen when Hying machines are introduced into everyday life, but it 
mav be wmrth wliile considering for oiu' monumt what is likely to 
result, so as to judge whether the matter is one really demanding an 
effort to accomplish; whether, in fact, "the game is worth the candle." 

M'hatever the exact form the apparatus may tak(', we may assume 
that it will possc'ss ca'rtain characteristics. The first of thi'se is tliat it 
will travel very fast. There are .several rea.sons for supposing this. 
Not oidv must it be able to .stem ordinary light breezes, but to be 
reallv u.seful it .should be capable of going against any ordinary w ind. 
and to do this at any useful speed implies a rate of -in or 5it miles an 
hour. Then, high speeds are economical in aerial machines. Lang- 
ley. by his elaborate experiments, has shown that the faster our aero- 
plane is propelled through the aii" the less forc(‘ in proportion is 
recpiired to sustain it. Again, the air ship, unlike its prototype tm the 
water, is not impeded liv skin friction, so that the pow'er requiivd to 
di'iv(‘ it at high speeds does not increa.se in the sann' proportion. A 
bullet can be propelled through the air at immense speed, but if it 
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enters the water its ^vay is soon stopped. One more reason whi’ we 
may hoi)e for greater speeds than are usual in travelinu- on hind and 
sea is that in the latter pace must be kept M’ithin bounds for fear of 
collision, both with other conveyances and also with irregularities 
(whether in rails, embankments, and ridg;es, or rocks and sand banks) 
which may exist beside the track. 

In the aerial highway we have greater latitude. We have height as 
well as hmgth and breadth. We can choose our particular altitude 
and stratum to travel in, so that perhaps l.COO machines could cross 
over the same spot at the same time without colliding. In fact, it 
would decrease the chance of collision by a thousandfold, in addition 
to the lateral route not being so circumscribed. There are no jiolice 
traps up there. 

Taking into consideration the speed at which birds travel, that at 
which models have been flown, and the theoretical calculations which 
have been made, we may reasonably suppose th;it luO miles an hour 
will be no cxcessii c speed for a hying machine. 

Those who think this estimate oversanguine may ponder over an 
extract I recently came acros.s from an old newspajier published seventy- 
eight years ago. referring to the railway then about to be constructed 
from London to IVoolwich. In this reference is made to the possibil- 
ity of the train being able to attain the terrific speed of IS to 2i> miles 
an hour: but it concludes, with .sarcastic incredulity. "We should as 
soon expect the ])eoplt> of Woolwich to be fired off on on(> of Con- 
greve's rockets as to trust them.sclves to tin' mercy of such a machine 
going at such a rate." 

.Once a practical Hying machine (>xisted. the uses to which it might 
be applied are \ aried and imjiortant. 

Primarily, it would form an incalculably valuable engine of war. 
One can scarcely imagine any invention which eould have a u'reater 
cfi'ect on the conduct of warfare. 

We can now aiipreciatc much more than we could three years aoo 
of what vast importance such a machine would be. It is worth 
dreaming for a moment to reali.se what might have happeiu'd had wi' 
in had .some machine capable of traveling rapidly tlirou<>h the 
air. First of all. for mere reeonnoitering. how much could have bi'en 
done! In Natal, on the outbri'ak of war. such a vi'sscl. asci'iidino- at 
Ladysmith, could have cruised around up to Laing's Nek. noHne- 
every Boer and every gun within, .say. miles of tTu' track pa.s.siul 
over, taking a turn round along the frontier, and have been back to 
report within a few hours. We would then, at "one b'll swoop" 
have had cc'rtain. reliable, and full information of what was doinw 
in.stead of going on mere rumors and the vague ob.servations of a few 
.scouts. Another machine at ( Irange River could have moved forward 
noted the position of the enemy at B.dinont. Modder Liver and 
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M^lg■el•^funteiu. could have gone into besieged Kimberley and heard 
their news, and could have run back to report to Lord Methuen. I 
need not repeat the many instances that occur to me of the ('xtreme 
value of such an apparatus for reconnoissance. We might really say 
that none of thos(‘ awkward reverse's which we sutfered in the early 
part of the war would have occurred had we known the exact where- 
al)outs of the enemv. Latterly, how easily the evasive commanders 
could have Ix'en located and followed up. Reconnoissance' by captive 
balloon may be considered dangerous, but an apparatus traveling 150 
feet a second runs an infinitely smaller chance of bt'ing hit by pro- 
jectiles. If the dropping of explosives on the heads of an enemy is 
not now considered “fair play" (though it is difficult to see. why this 
should be less humane than throwing lyddite shells from a howitzer), 
vet there are many mor(' uses to which the* a('rial tighter might Ix' ])ut. 

He could blow up the railway lines and britlges. 6'ven if he had to 
descend to do so. He could cut all the t('l('g)'a])h wires in tlu' country, 
and could set light to stores and do otlu'r damagt'. .V machiiu' soaring 
about over a town or camp occupied by the enemy would certainly 
hav<' a \'cry ih'cidi'd luoi'al etl'cct on him. Communication could be 
ki'pt up with, and even, perhaps, a few stores intnxluced into a 
besieged place. 

1 need not go further into the possibilities of tlu' future. The more 
we think the matter o\ er the more can we realize the extraordinary 
effect such an inno\ ation would produce in war. 1 do not think any- 
one would deny that, had we bec'Ji in possession of such apparatus 
during the late v ar. the o 2 )erations would have been so greatly facili- 
tated that the campaign would have been ended in a comparatively 
short time, and that W(' should have lx'('n saved an expenditure of 
manv millions of pounds. 

Even in naval warfare, if such speeds as 1 ha\ e mentioiu'd were 
possible, the aerial machiiu' should j)rove of infinitely more value than 
a submarine or a torpedo boat. If the invention of the Brennan 
torpedo was considered worth .tllG.uoo. how much more would be the 
value of a dirigible aerial torpedo! 

Another important purpo.se to which dying machines could be 
applied would be for the ('xploration of unknown lands. With a 
rapidly traveling apparatus, the Korth Pole could be reached in a few 
hours. From the north of Aorway it is about 1,300 miles to the pole. 
It would then be almost [)(^s>d)le to go there and back in twent\-foui 
hours. When we thiidi of the large .sums which have been devoted to 
arctic and antarctic explorations, and remember that very possibly a 
t('nth of this amount might produce a machine capable of thoioughl\ 
exploring both these reg’ions in a few weeks, it seems lealL woith 
considering wlu'tlu'i' such money is not wasted, dhe tiackless deserts 

.s.M 1002 0 
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of .V.siil :ind Africa could tu' traversed and re-trav(‘rsed. the mysteries 
of Mecca and of Las.sa laid at our feet. 


But over and above these most important and far-reachiiie- po>sil)ili- 
ties of aerial navigation, there is the likelihood of a revolution in our 
ordinary modes of trav(d bt' oiu' infinitely more' rapid, cheap, and con- 
venient. 1 have already given my reason for supposing that such a 
means of travel 'would be rapid. There is also good reason tor sup- 
posing it Avould b(' economical. Xo rails or pi'rmanent wav lu'ed be 
laid on the billows of the clouds. Xo roads need be constructed or 
kept in onh'f through the ri'alms of blue. E\ en expensive' harbors, 
dredged channels, light-houses, and )>eacons need not be maintained 
1)V the oAvners of air ships, (ioing from place' to ])lac(' "as tlu' crow 
hies” shorte'iis the route and adds to the economy. The convenience of 
the system is also evident. Ai ready Ave are beginning to appreciate 
tin* value' of the motor car going from door to door instead of our 
having to get to the train at a fixed moment. But when avc can order 
round our aerial motor to take us straight to our destimition. passing 
ecpially avcII OAcr land or water, towns or cornhelds. independent of 
traffic and roads, tlu'n only shall w(' re'alize' Avhat re'al conve'nienci' of 
tra\ el is. 

S])ced. economy, and e-onve'iiience an' big factois in a new mode of 
tniA’cl. 

But there is one conside'ration Avhich I belie've is gn'utlv respousibh' 
for the tardiiu'ss Avith which this subjee't jerogn'sst's. Ib'rils and 
dangers loom be'fore us as a skeleton contaminating and haunting oui' 
casth' in tlu' air. The mere' idi'a of being poised liigh up in the skv. 
and of falling from tin' machiiu' through thousands of fee't to mothi'r 
earth, is >0 terrible to contemphite. But the aerouiut of to-daA' soon 
gets iiccu>tonict! to licing at a giddy lu'ight. and without doubt the 
peoph' of to-morrow will Inive no (pndms. Imagine the fei'ling.^ of 
the savag(' who for the first tiiiu' .st'cs an ('Xjtri'ss train rush through a 
station at bd miles an hour, bangingand chittering Avith fiendish uproar, 
shaking tlu' very ground, and darting along at a spt'cd incomparable 
to anything he h;is ever seen In'fon'. Would he trust himsi'lf to travel 
by that ineansf Though to Hit through the air Avith the sp(>(.d of a 
sAvallow may sci'in highly dangerous to our inexp('ri('nced minds. hoAv 
often do AA-(' sec a bird fall headlong to tlu' grounds 


What we see. then, looming in tlu' future, more or less tiear. accord- 
ing to th(' .'nergi('s of. and tin' eneouragenient W(' giv(' to. those push- 
ing the matter foiAvard. is the introduction of a n.'w i.na'ntion formim.- 
an inAaluabh' and ull-].oAverful AA'.'aia.n of Avar, an important ai<l to 
sciem-eand the practical knowledgi' of globe, and a speedy ('co- 
nomieal. and plca.sant mod.' of g.-tiine- fn,,,, t,, phiee su'.-h as 

will i.robal.ly completely r.'A olutionize our prcs.mt methods o'f trav.d 
Is this to b.' hasten.'.l and .'neourag.'d t If so. how .am aa.' h.'lp t.i 
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further the cau.se^ Like most matters in this world, what is most 
wanted is money. Main' clever inventors and enginem-s an' <jiiite 
ready with their plans, hut have not the means to complete them. 
lYe see millions of pounds spent on eipiipment for war. Hundreds 
of thousands devoted to the huilding’ of small war ships. We see thou- 
sands subscribed for geographical exploration. But for the encourage- 
ment of that invention which may be paramount ovi'r all these ^ve sec 
practically nothing devoted. When I say •'practically nothing'' I 
am not forgetful of a certain few who have devoted much to this cause. 
We do not forget the very gi'iierous donations which Mr. .Vlexander 
has given to this socictv. nor the valuable tinu' and eiK'igv which our 
wortliv secretary has de\'oted so gratuitously to further the obji'cts of 
the society. Others, too, are helping as best they can with limited 
time and money; but what we would like to si'e would be a ri'al solid 
fund built up, such as would enable us to get really useful work done. 
Then I feel sure it would not be long before the British nation would 
owe a debt of gratitude to the Aeronautical Society of Great Britain. 
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^Ir. M’ilbcr WuKiiiT, Dayton. Ohio. 

[Presented to the Western Society of Kn^ineers Septeinher is. I'.K)! ] 


INTRODUCTION BY PKKSIDENT ( HANUTK. 


‘■‘Engineers have, until recent years, fou<^ht shy of anything relat- 
ing to aerial navigation. Those who ventured, in spite of the odium 
attached to that study, to look into it at all hecaini' very soon satisfied 
that the great obstacle in the way was tla* lack of a motor sufficiently 
light to sustain its weight and that of an aeroplane upon the air. Fif- 
teen years ago the lightest steam motor was the marine engine, weighing 
t)0 pounds to the horsepower, while the gas engine weighed very much 
more; the locomotive weighed 200 pounds per horsepower. During 
the past fifteen years a great change has taken place. Steam motors 
have l)een produced weighing only !<• pounds ])(>r horse])ower, and gas 
engines have been lightened down to 12^ to 15 pounds per horsepower, 
so that the status, so far as engineers are concerned, is very greatlv 
changed, and there is some hope that, for some limited purposes at 
least, man will eventually he able to tly through the air. There is, 
how’ever. before that can be carried out — before a motor can be applied 
to a flying machine — an important problem to solve -that of safety or 
that of stability. 

“I had the honor of telling you. some four or tivt' years ago, some- 
thing about the progress that had been made up to that time. Since 
then further advances have been made by two gentlemen from Day- 
ton, Ohio — ilr. Wilbur Wright and Mr. Orville Wright — who tried 
some very interesting experiments in October. 19(i0. These experi- 
ments were condueted on the seashore of North Carolina, and were 
again rt'surned last duly. These gentlemen have been bold enough to 
attem])t some things which neither Lilienthal. nor Pilcher, nor myself 
dared to do. They have used surfaces very much greater in extent 
than those which hitherto had been deemed safe, and they have accom- 
j)lished very remarkable results, part of which it was my privilege to 
see on a visit which I made to their camp about a month ago. 

I thought it would he interesting to the membei's of this societv to 
be the first to learn of the results accomplished, and therefore I have 
th(' honor of presenting to you Mr. Wilbur Wright." 


" Reprinted by permission, after revision Iw the author, from .Tonrnal of the West- 
ern Societv of Knitineers, Deeemlier, t!H)l. 
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The difficultie.s whieh olistruct the pathway to .success in iiying- 
niachiiie constructiuii arc' of three c'eneral clas.ses; (1) Those which 
relate to the I'onstruction of tlto sustaiiiino’ wings; (- 2 ) those which 
relate to the generation and application of the power required to driv'e 
the machine through the air; (M) tlio.'ce relating to the balancing and 
steering of the machine after it is actualh' in flight. Of these difficul- 
ties two are already to a certain extent .solved. Men already know 
how to con.struct wings or aeroplanes which, when driven through the 
air at .sufficient speed, will not only sustain the weight of the wings 
themselves, hut also that of the engine and of the engineer as well. 
Men also know how to build engines and screws of sufficient lightness 
and power to drive these planes at sustaining speed. As long ago as 
hsitfl a machine weighing- 8.(t00 pounds demonstrated its power l)oth to 
lift itself from the ground and to maintain a .speed of from 30 to 40 
miles per hour, but failed of suece.''S owing to the inability of the 
oi)erators to balance' and stei'r it pi'opt'rly. This inability to balance 
and steer still confronts students of the flying problem, although nearly 
eight years have passed. M"hen this one feature has been worked out, 
till' age of flying machines will have arrived, for all other difficulties 
are of minor importance. 

The person who merely watches the flight of a bird gathers the 
impression that the bird has nothing to think of but the flapping of 
its wings. As a matter of fact this is a very small part of its mental 
lalior. To even mention all the things the liird must constantly keep 
in mind in order to fly .securely through the air would take a consid- 
erable part of the evening. If 1 take this piece of paper, and after 
placing it parallel with the ground, (puckly let it fall, it will not settle 
steadily down as a staid, sensible piece of paper ought to do. but it 
insists on contravening every recognized rule of decorum, turning 
over and darting hitlu'r and thither in the most erratii' manner, much 
after thi' style of an untrained horse. Yet this is the .style of .steed 
that men must learn to manage liefore flying can become an evervdav 
sport. The bird has learni'd this art of e([uilibrium. and h'arned it so 
thoroughly that its skill is not ap[)arent to our sight. A\'e onlv learn 
to a])preciate it when we try to imitate it. Now. then' are two wavs 
of h'arning how to ride a fi'actious lioisi'; One is to get on him and 
learn liy actual piactice how eacli motion and trick mav be best ini't- 
the other is to sit on a fence and watch the beast a while, and then 
retiri' to thi' hou.se and at leisure tigure out the best wav of overcom- 
ing his jumps and kicks. The latter .system is the safest, but the 
former, on the whole, turns ..ut the larger proportion of good riders. 
It is vi'iy much thi' .same in learidng to ride a flying machine; if vou 
are looking for iierfect .safety, you will do wi'll to sit on a fe’nce mid 
watch till' birds; bnt if you really whl, to learn, vou must mount a 
machine and become aciuainteil with its tricks l,v actual trial 
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Herr Otto Lilienthal seem.s to have l>ecn the tirst man who really 
comprehended that halaiicino- wa.s the tirst instead of th(‘ last of the 
great problems in connection with hnnian flight. He began where 
others h'ft off, and thus saved the many thousands of dollars that it 
had thendofore been customary to spend in building and fitting 
expensive engines to machines which were uncontrollable when tried. 
He built a pair of wings of a size suitable to sustain his own weight, 
and made use of gravity as his motor. This motor not oidy cost him 
nothing to begin M’ith. but it required no expensive fuel while in 
operation, and lu'ver had to be sent to the shoj) for la'pairs. It had 
one serious drawback, hoM Cver, in that it always insisted on fixing the 
conditions under M'hich it would work. The.se were, that th(> man 
should tirst betake himself and machine to the toj) of a hill and fly 
with a downward as well as a forwanl motion. I'nless these condi- 
tions were complied with, gi’avity served no better than a balky hors(‘ — 
it would not work at all. .Vlthougth Lilienthal must have thought the 
conditions were rather hard, he nevertheless accepted them till some- 
thing better should turn up: and in this manner lu' made some two 
thousand flights, in a few cases landing at a point more than l.uoo find 
distant from his place of starting. Other men. no doubt, long before 
had thought of trying such a plan. Lilienthal not only thought, but 
actetl; and in so doing probably madi* tin' grt'aft'st contribution to tin' 
solution of the flying problem that has ever been made by any one man. 
He demonstrated the feasibility of actual jnactice in the air. without 
which success is impossible. Herr Lilienthal was followc'd by Mr. 
Pilcher, a young English engineer, and by iMr. t'hanute. a distin- 
guished memlx'r of the society I now addia'ss. .V few otlu'is havi' 
built gliding machines, but nearly all that is of rt'al value is due to the 
experinn'ut'' conduct('d under tin* direction of the three men ju-.t 
nu'iitioni'd. 

The balancing of a gliding or living machine is \-ery simple in 
theorv. It consists in causing the center of gravity to coincide with 
th(' center of pressure. But in actual practice there sc'ems to be an 
almost boundless incompatibility of tt'inper which prevents their 
remaining peaceablv together for a single instant, so that the operator, 
who in this cast' acts as peacemakei', often sutfi'is injnr\ to him'-elf 
while attempting to bring them tog('ther. If a wind strikes a vertical 
plain', the pressure on that part to oiu' ^ide of the center w ill ('xactly 
iialanci' that on tin' other side, and the part aliove the i-enter will 
lialance that below. But if tht' plane be slightly inclined, the pre.ssure 
on tin' part lu'arest flit' w iiid is inci'i'ased and the pi’e-sure on tin' other 
part (h'creased. so that the i-ent('r of pressuie is now locateil, not in 
tin' c('nter of the surface, but a little toward the side w hich is in 
advance'. If tin' plane he still further incliin'd the centi'r of lu’essure' 
will move' still farther forward, ainl if the wind blow a litth' to one 
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>ide it will ulso move over as if to meet it. Now, since neither the 
wind nor the machine for even an instant maintains exactly the same 
direction and velocity, it is evident that the man who would trace the 
course of th(> c('nter of pi-essure mu.st he very (juick of mind; and he 
who would attempt to move his body to that .spot at every change 
must he vtu’v active indeed. Yet this is what Herr Lilienthal attempted 
to do. and did do with most remarkal)le skill, as his two thousand 
glides surticicntly attest. However, he did not escape being over- 
turned ))V wind gusts several times, and hnallv lo.st his life as the 
result of an accidental fall, d'he Pilcher machine was similar to that 
of Lilit'iithal. On one occasion, while exhibiting the flight of his 
machine to scweral memltei's of the ^Veronautical Society of (Ireat 
Itritain. it siuldmdy collaps(‘d and f(“ll to the ground, causing injuries 
to till' operator which pro\ ed sadly fatal. The method of managment 
of this machine differed in no important respect from that of Lilien- 
thal. th(> operator shifting his body to make the centers of pressure 
and gravity coincide. Although the fatalities which befell the design- 
ers of thes(' machines may have been dui' to the lack of structural 
strength rather than to lack of control, nevertheless it had become 
clear to the students of the problem that a moia' perfect method of 
(•onti'ol must lie evolved, d'he (’hanute machini's marked a gii'at 
advance in both respects. In the multij)le wing machine the tips 
folded slightly backward under tht* pre.ssure of wind gusts, so that 
the tra\'cl of the c(mtei' of pressurt' was thus larg'ely counterbalancc'd. 
The guiding of the machine was done by a slight movement of the 
operator's body toward tin* direction in which it was desiri'd that 
th(' machiiu' should go. The doul)le-deck machim'. built and tried 
at the same time, marked a very great struetur-al advance, as it was 
th(‘ tir-'t in which tlu- principles of the modern ti'uss bridges wi're 
fully applied to flying-machine construction. This machiiu'. in addi- 
tion to its greatly impi’oved construction and general design of iiarts, 
also dirt'ered from the machine of Lilitmthal in tin' ojieration of its 
tail. In the Lilienthal machine the tail, instead of being fixed in one 
position, was prevemted by a stop from folding downward beyond a 
certain point, but was free to fold upward without any hindrance. In 
the ( hanute machine the tail was at first rigid, but aftm'wards. at the 
suggestion of Ml'. Herring, it was held in placi' by a spring that 
allowed it to move slightly I'ither upward ordownwai'd with reference 
to its normal position, thus modifying' the action of tlu' wind gusts 
upon it, \ cry much to its advantage. The guiding of tin' machine 
was ctlectcd by slight niovmuents of the operator’s body, as in the 
multiple-wing machines. Both the.se machines were much more man- 
ageable than the Lilienthal type, and their structural strength, not- 
withstanding their extreme lightness, was such that no fatalities or 
even accidents marked the glides made with them, although winds 
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were siiceessfully eneounten'd much gTeiiter in violence than any 
which previous experiiiKniters had dared to attempt. 

My own active interest in aeronautical problems dates back to the 
death of Lilicmthal in ISltd. The brief notice of his death rvhich 
appeared in the telegraphic news at that time aroused a passive int(‘r- 
est which had existed from m\- childhood and led me to take down 
from the sludves of our home library a book on Animal iMechanism. by 
Professor Man'v, whiidi 1 had already road several times. From this 
I was led to ri'ad more modern works, and as nyv brother soon became 
e(|ually intc'restc'd with myself W(‘ soon p issed from tlu' r(>ading- to the 
thinking, and tinally to the working- stage. It seeiiK'd to us that the 
main reason why the problem had remaiiu'd so long unsolved was that 
no one had Ixaui able to ojitain any adequate ])raetiee. We figui-ed 
that Lilienthal in tive l ears of time had spiuit oidy about live hours 
in actual gliding through the air. The wonder was not that lu' had 
done ,so litth'.but that he had accomplished so much. It would not bc' 
considered at all .safe for a bicycle rider to attempt to ride through a 
crowded city street after only ti\ e hours' practice, spread out in bits of 
ti'ii scH-onds ('uch over a p(>riod of tiv(‘ yi'ars; yet Lilimithal with this 
brief practice was remarkably succe.s.sful in meeting the Huctuations 
and eddies of wind gusts. W(> thought that if some method could be 
found by which it would lie possible to practice by tin' hour instead of 
b}' the second there would b(> hope of advancing the solution of a very 
ditheult problem. It .seeiiu'd fc'asibh' to do this by Iniiiding a machine 
which would be sustaiiu'd at a speed of bS miles per hour, and tln'u 
tinding a locality where winds of this velocity were common, ^\'ith 
these conditions, a rope attaclu'd to the machine to ki'i'p it from tloating 
backward would answer very nearly the same jmrposi' as a propi'lh'r 
driven bv a motor, and it would be po.ssible to practice by the hour, 
and without anv si'ricnis dangi'r. as it would not Ix' necessary to rise 
far from the ground, and the machine would not have any forward 
motion at all. We found, according to the accepted tables of air 
pressures ou curved surfact's that a machine spreading i!UO sijuare feet 
of wing surface would be sutiicient for our purpose, and that plates 
could ('asily be found along the Atlantic coast where winds of Id to -Jn 
miles were not at all uncommon. When the winds were low it was 
our plan to glide from the tops of .sand hills, and when they were suf- 
ticientlv strong- to use a rope for our motor and flyover one sj ot. 
Our next work was to draw u]) tin' jilaiis for a suitable maehiiu'. 
After much studv w(' tinally concluded that tails were a soun-e of 
trouble rather than of assistance: and therefoi-(' we dei-idedto dispc use 
with tln'in altogether. It seemed reasonabh' that if the body of the 
operator coiilil be phu-ed in a horizontal position instead of the upright, 
as in the imu-hiiu's of Lilienthal, Pilcher, and ('hanuti'. tin' wind resist- 
anc(' could be very materially reduced, since only 1 square foot 
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histeud of .■) would Ixi exposed. As a full half horsepower could 
he saved hy this chaii<jfe. we arranged to try at least the horizontal 
position. Then the method of control used hy Lilienthal, which con- 
sisted in shifting the body, did not seem (juite as quick or ett'ective as 
the case rtapiired; so, after long study, we contrived a system consist- 
ing of two large surface.s on the Chanute double-deck plan, and a 
smaller surface placed a short distance in front of the main surfaces in 
such a position that the action of the wind upon it tvould counter- 
balance the effect of the travel of the center pressure on the main sur- 
faces. Thus changes in the direction and velocity of the wind would 
have little disturbing' efi'ect. and the operator would be required to 
attend only to the steering of the machine, M'hich was to be affected 
l>y cui'ving th(' forward surfact' up or down. The lateral equilibrium 
and the steering to right or left was to be attained by a peculiar torsion 
of the main surfaces, which was equivalent to presenting one end of the 
wings at a greatcu- angle than the other. In the main frame a few 
changes were also made in the details of construction and trussing 
employed by Mr. Chanute. The most important of these were 
(1) th(>, imn ing of the forward main crosspiece of the frame to the 
extreme front edge: ('J) the encasing in the cloth of all crosspieces and 
ribs of the surfact's; (3) a rearrangenumt of the wii'cs used in trussing 
the two surfaces together, which rendered it possible to tighten all the 
wires liy simply shortening two of them. 

With these plans we proceeded in the summer of to Kittv 
Hawk. N. C., a little settlement located on the strip of land that 
separates Albemarle Sound from the .\tlantic Ocean. Owing to the 
impossibility of obtaining siiitabh' material for a i^ou s(juare foot 
machine, we were compelled to make it only lt!5 stjuare feet in area, 
which according to the Lilienthal tables would be su])p()rted at an 
aiigh' of :’j in a wind of about '21 miles ])er hour. On the V(‘rv day 
that the machine was completed the wind bhuv from 2.0 to 3t) miles per 
hour, and we took it out for trial as a kite. "W'e found that, while it 


was supported with a man on it in a wind of about 2.0 miles, its ancle 
was much nearer 2u than . Even in gusts of 30 miles the ancle of 
incidence tlid not get as low as 3 . although the wind at this spet'd has 
more than twice the lifting j»ower of a 21-mile wind. As winds of 30 
miles per hour are not plentiful on eh>ar days, it was at once evichmt 


that our plan of i)racticing by the hour, day after day. would have to 
be post[)oned. Our .system of twisting the surfaces to regulate the 
lateral balance was tried and found to be much more etlVctive than 
shifting the op.u'ator-.s body. On sub.sn.pient days, when the wind was 
too light to siq)port the machine with a man on it. we tested it as a 
kite, working the rudders by cords reaching to tlu' grc.und. The 
r.'sults were very satisfactory: yet we wen‘ well aware that this method 
of testing IS never wholly convincing until the results an- continued 
by actual gliding experience. 
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Plate 11. 



Fig. 2.— Starting a Flight. 
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W e thon turned our attention to ruaking- a , -series of actual ineasure- 
iiKMits of tin* lift and drift of the inacliine under various loads. So far 
as we were aware this had never pi’eviously been done with any full- 
size machine. The results obtained were most astonishing, for it 
appeared that the total horizontal pull of the machine. Avhile sustain- 
ing- a weight of .13 pounds, was only S.5 pounds, which was less than 
had previously been estimated for head resistaiu-e of the framing alone. 
Making allowance for the weight carried, it appeared that the head 
resistance of the framing was but little mon- than .!(» pen- cent of the 
amount which Mr. Clianute had estimated as the head resistance of 
the framing of his machine. On tin- other hand, it appeared sadlv 
deticient in lifting power as compared with the calculated lift of curved 
surfaces of its size. This deticiency we suppo.sed might be due to one 
or more of the following caust-s: (1) 'I'hat the depth of the curvature 
of our surfaces was insufficient, being only about 1 in 33 instead of 1 
in 13. (3) That tin- cloth used in (»ur wings was not sufficii'iitly air 

tight. (.3) That the Lilienthal tables might themselves be .somewhat 
in error. IVe decided to arrangt' our machine for the following yc-ar 
so that the depth of curvature of its surfaces could be \ari('d at will 
and its covering air-proofed. 

Our attt'ution was next turned to gliding, but no hill suitable for 
th(' purpose could be found near our camp at Kitty Hawk. This com- 
p(dled us to taki' tin' machine to a point 4 miles .south, where the Kill 
Devil sand hill rises fi'om the hat sand to a height of more than ion 
feet. Its main slope is toward the northeast and has an inclination of 
about 1(1 . On the day of our arrival the wind blew about 3.") miles 
an hour, and as we had had no experience at all in gliding we deemed 
it unsafe to attem|)t to lea\ e the ground. Hut on the day following, 
the wind having subsided to 14 miles per hour, we made about a doz(>n 
glides. It laid been the original intention that the opi-rator should 
run with the machine to obtain initial velocity and assume the hori- 
zontal position only after the machine was in free flight. ^Vhen it 
came time to land he was to resume the upright position and light on 
his fei't, after the style of previous gliding experimenters. But on 
actual trial we found it much better to employ the help of two assist- 
ants in starting, wdiich the peculiar form of our machine (uiabled us 
readily to do. and in landing we found that it was entirely practicable 
to land while still I’eclining in a horizontal position upon the machine. 
Although th(> landings were made while moving at speeds of more than 
30 miles an hour, m-ither machine nor operator sutfered any injury. 
Till' slope of the hill was 0.5 . or a drop of 1 foot in tJ. We found 
that after attaining a s])ced of about 35 or 30 mih's with reference to 
the wind, or to to 15 miles over the ground, the machini- not only 
glided paiallel to tin- slope of the hill, but greatly increased its spi>ed, 
thus indicating its abilitv to glide on a sonn-what less angle than 0.5 . 
when we should fi-el it safe to risi* higher from tin- surface. The con- 
trol of the machine proved men Ix-tter than w(> had dari'd to expect. 
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respoiidiiio- quickly to tlie slightost motion of the rudder. With these 
glide's our ('xperiuu'iits for the year 1!M)0 clost'd. Althougli the hours 
and hours of practice we had hoped to obtain tinally dwindled down to 
about tMo minutes, w(' ivere veiy much pleased with the general results 
of th(' trip, for, setting out as we did, with almost revolutioTiary theo- 
ries on many points and an entirely untried form of machine, we con- 
sielered it quite a point to bo abh' to return without having our pet 
theories completely knocked in the head ]»y the hard logic of experi- 
('iice, and our own brains daslu'd out in the bargain. Everything 
seemed to us to contirm the correctness of our original opinions. (1) that 
practice is tin' kt'v to the secret of flying; (il) that it is practicabh' to 
assume the horizontal position; (4) that a smalh'r surface s('t at a negati\ e 
aiigh' in front of the main bearing surfaces, or wings, will largely couut- 
t'lact th(' ert'ect of tli(' for*' and aft travel of tiu' c('uter of pressure; (4) 
that steering up and down can be attained with a rudder ivithout mov- 
ing the position of the op('rutor's body; (.")) that twisting tlu' wings so 
as to present thi'ir eiuls to tlu' wind at diflei’ent angles is a more prompt 
and efficient way of maintaining lateral ecjuilibrium than shifting the 
body of th(' operator. 

'Wlu'u tin' tinu' came to design our nt'w machine for Iftol. we decided 
to make it ('xactly like tin' jm'vious machiin' in tln'ory and method of 
opt'i'ation. But as tin* former machine was not able to support the 
weight of the o[)erator wlien flown as a kite. exc('pt in very liigh 
winds and at \'ery large angles of inci(h‘nce. we decided to increase 
its lifting power. Accordingly, tin' curvaturi' of the surfact's was 
incrc'ascd to 1 in l:f. to conform to tlie shapi' on which Lirn'iithal's 
tabl(' ^vas based, and to be on the .sab' side ^ve decided also to increase 
the area of tile machine from Ida scpiari' feet to :!dS sipiari' feet, 
although so large' a machiin' had never bi'fore been deemed con- 
trollabh'. Till' Lilii'iithal machiin' laid an area of l.")l square feet, 
that of I’ilcher square feet, and the t'lianute double-decki'r 
sijuare feet. As our sysfi'in of control eoiisisti'd in a manipulation of 
the surfaces tln'iusi'lves instead of a shifting of the opei-ator's body, 
we hoped that the in'w machine would be controllable, notw ithstand- 
ing its great size. According to calculations, it would obtain support 
in a wind of IT miles per hour with an ungh' of incidence of only 8 

Our exiii'i-ience of the previous year having shown the ueeessitv 
of a suitable building for housing the machine, we erected a cheap 
frame building. Id feet widt'. ^.T feet long, and 7 feet high at tin' 
eavi's. As onr machine was l'l' feet wide. I t feet long (inchnling the 
rndd('r). and about d, feet high, it was not necessary to take the ma- 
ehiiu' apart in any way in order to house it, p„,tl, 'ends of the build- 
ing. except the gable parts, were mad.' into doors, which himu'd 
abovi'. so that when opened they formed an awning at each end and 
left an entianee the full width of the building. \Ve went into camp 
about the middle of July, and wi'i'e soon joined b\ Mi-, E. ('. Ilutt'aki'r 
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of Tennessee, an experienced aeroiuiutieal inve.stij<ator in the employ 
of Mr. C'haiuite. l)y whom liis M-rviees wore kindly loaned, and t)y Dr. 
G. A. Spratt. of Pennsylvania, a young man who has iinuh' some val- 
uable investigations of the properties of variously curved surfaces 
and the travel of the ccuiter of pressure' thereon. Parly in .Vugust 
Mr. Chanute came down from (’hicago to witness our experiments 
and sjji'iit a wet'U in cam}) with us. 'I'hese' gentlemen, with iny brother 
and myself, formed t)ur cair.ping party, hut in addition ^\c had in 
many of our ('xperiments tin' valuahle assistanci' of Mr. 1\ . .1. Pate 
and 41r. Dan. 4'ate, of Kittyhawk. 

The machine was completed and tried for the first time on tlu' i!Tth 
of -July, in a wind hloM-ing about 14 mih's an hour. 4’hc ojx'iator 
having taken a position ivhere the center of pressure was supposed to 
be. an attempt at gliding was made, but tin' nan hine turned downward 
and landed after going oidy :i few yards. 4'his indicati'd that tlii' 
center of gravity was too far in front of the center of ])rcssure. In 
the second attt'iupt the ojierator took a position several inches fartlu'r 
back, but the result iviis much the same. Ih' kept moving farther and 
farther back with ('a<'h trial, till finally In' occupied a position nt'arly a 
foot back of that at which we had expected to find the t'cntcr of prt'ssure. 
The uuichiin' then sailed oft and iiunh' an undulating flight of a litth' mori' 
than 301) feet. To the onlookers this flight seemed very successful, but 
to the operator it was known that the full ])ower of the nukh'r had been 
recpiirc'd to keep thi' machine from ('itlu'r running into the ground or 
rising so high as to lose all headway. In the IfiOo machine one-fourth 
as much rudder action had Ix'cn sufticit'iit to give much better control. 
It ivas apparent that something Ma.s radically m rong. though we were 
for SOUK' time unable to locate tin' troul)!*'. In oni' glide the machine 
rose higher and higher till it lost all headway. I'his was the position 
from which Lilienthal had always found difficulty to exti'icate himself, 
as his machine then, in spite of his greatest exertions, manifested a 
tendenev to dive downward almost vertically and strike the ground 
head on with frightful velocity. In this case a warning cry from the 
ground caused the oj)erator to turn the rudder to its full extent and 
also to mov(' his body slightly forward. The machine tht'n settled 
slowlv to the ground, maintaining its horizontal position almost per- 
fectly, and landed without any injury at all. This w as very encourag- 
ing, as it showed that one of the very greatest dangers in machines 
with horizontal tails had been ovt'rcome by tlu' use of a front i-udder. 
Several glides later tin' sanu' ('X])erience was rejx'ated with the same 
result. In tht' latter case the machine had evi'ii commenced to move 
backward, but was nev)'rtln'less lu-ought saft'ly to the ground in a 
horizontal position. On tht' whole, this day's t'xperiint'nts were 
encouraging, for while the actioTi of the ruddt'r did not seem at all like 
that of our Ibob machine, yi't we had escapt'd without difficultv from 
positions which had proved very dangerous to preceding experiment- 
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er>. and after les> than one minute’s actual practice had made a ylile 
of inoiH' than .30o feet, at an angle of descent of 10 . and with a 
maehiiH' iu'arl\- twice a.? large a.s had previously been considered safe. 
The trouble u ith its control, Mdiieh has been mentioned, Me believed 
could be corrected 'when ive should have located its cause. Several 
possible explanations occurred to us. but ive finallv concluded that the 
trouble' wa^ due to a reversal of the direction of the tra\’el of the- center 
pressure at small angles. In deeply curved surface's the center of 
])re'S'^ure at 00 is ne'ar the center of the surfae'e'. but iiie)\ es feerwarel 
as the angle bee'ome's less, till a certain point is reached, vaiying with 
the' depth eif e-urvature. After this point is j)assed, the' ce'iiter of 
])ressure', instead eef e'ontinuing tee mox e feerwaiel, with the- de'e reasino- 
angle, turns and moves rapidly toward the rear. The phenomena are 
due' tt) the fae't that at small angles the' wind strike's the' feerwarel part 
of the surface on the upper side instead of the lower, and thus this 
l)art alte)gether e-e'ases te) lift, instead eef be'ing the meest eft’e'etite 
part eif all, as in the case of the plane. Lilienthal had called 
attentiein tee the' elange'v eef using surfae'Cs with a curvature as gre'at 
as 1 in S. een acceeunt of this ae-tieni em the' uj)})e'r side': but ho 
seems ne'ver tee have' investigateel the cur\iiture and angle at tvhich 
the' [ehe'neeme'iia e'litire'ly ce'ase'. My breetlie'r anel 1 held neve'r maele 
any original investigatie)i» of the' matter, but assumed that a curvatu-'e 
of one in twe'lve' weiuld be safe, as this was the cur\atnre een whie'h 
Lilie'iithal buse'd his table's, lleeweve'r. to bo eni the safe sieh', iiisteatl 
of using the arc of a circle, we had made the e urve of our mae'hine 
very abrupt at the' fienit, so as to e.\pe)se' the least peessibh' area to this 
dowinvard pre'ssure. While' the machine ivas leiiilding ^le-'S!'-. Ilutf- 
ake'i- anel Spratt had sugge'ste'el that we weeuld tinel this I’e've'isal eef the 
cente'r eef jtressure'. but we' belie'ved it suthcie'iitly guareleel ae>ainst. 
Ae'Ceerdingly. m c we're' neit at first dispeese'el tee be'lie'\ e' that this re've'i’sal 
actually existe'd in enir mae-hine', althemgh it eetfe'ie'el a perfee t e'xplana- 
tion of the actieeii ue had neeticed in glieling. Our pe'e idiiir plan eef 
ceentreil by torwarel surfae-e's. iiiAe'ad eef tail-, was base'el een the' a-sump- 
tion that the ce'iiter of pressure weaild continue' to nmve fartlmr anel 
farthe'i' feirward a- the* angle' of ine-iele'ne-e' be'came' le'-s. anel it will be' 
reaelily ])ere'e'ivi'd that it woulel make' ejuite a elitie'ie'nee' if the' freent 
surfae-e' instead of e-emiiterai-ting this as-uine'el forward trave'l sheadel 
in re'ality be exiie'diting an ae-tnal bae-kuaiel iimve'ine'iit. Feer -e've'ial 
elavs we' were in a state of inelecisieen. butwe'ie' tinallv e-ean inceel by 
eibserving the' folleewing phe'ne.me'iia (fig. |); We' had re'iimve'el the 
upper surfae e from the mae-hine and we're' living it in a wind to se'e' at 
what angle's it we.ulel be- -upjx.rte'd in wind- eif elillere'nl stre'imth- 
We notie-e'd that in light win.l- it (le-w in tlm uppe-r pe.-itie,n she.wn in 
the tigure. with a -tiong niiwarel pull on tlm e'orel A- the' wind 
be'e-ame stremge'r the' angle' of ine-ide-ne-e' U'e-anu' h'-s. anel the' surfae e' 
flew in the pe>-ition shown in the middle' e,f tlm figure', with a -li.dit 







Fig, 2.— Landing. 
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horizontal pull; hut when the M’ind became still stronger it took the 
lower position shown in the figure, with a strong downward pull. It 
at once occurred to me that here was the answer to our problem, for 
it is evident that in the first case the center of pressure was in front of 
the center of gravity, and thus pushed up the front edge; in the second 
case they were in coincidence and the surface in e(juilibriuin. while in 
th(‘ third cast' tlie centi'r of pri'ssniH'. liad rea<dn'd a ])oint evmi ])ehind 
the center of gravity, and there was therefore a downward pull on the 



cord. This point having laam definitely settled, wi' procia'ded to truss 
down the ribs (jf the whole machine, so as to reduci' tlie depth of 
curvature. In fig. 2 line 1 shows the original curvature: line 2 . the 
curvatui'c when sup})orting the o})erator's weight, and line the curv- 
ature after trussing. 

On resuming our gliding, wc found that the old conditions of the 
preceding yi'ar had returned, and after a few trials made a glide of 
3d<> feet and soon after one of .3S!t feet. The machine with its new 



curvature nev(‘r failed to respond promptly to even small movements 
of the rudder. The operator could cause it to almost skim the ground, 
following the undulations of its surface, or he could cause it to sail 
out almost on a level with the starting point, and passing high above 
the foot of the hill, gradually settle down to the ground. The wind 
on this (lav was blowing 11 to 14 miles pt'r hour. 1 he next day. the 
conditions l)eing favorable, the machine was again taken out for trial. 
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'I'lii-. time thi' veloeity of the wind was IS to 22 miles per hour. At 
first W(' felt some doul)t as tt) the safety of uttemi)tino' fre(' tliylit in so 
stron<;’ a wind, with a machine of over dtM) .scpiarc feet, and a practice 
t)f less than tive minutes spent in actual ilio’ht. But after several ])re- 
liniinarv c.xjjeriimmts we divided to try a clidi'. The contri)! of the 
machine scimu'd so uood that we then felt no apprehension in sailin<p 
boldly forth. ,\.nd thcri'after xi e made elide after elide, somt'times 
followine- the eromid closely ami sometimes sailine- hieh in the air. 
iNIr. Chanutc had his camiu'a with him and took pictures of some of 
thi'se elides. s(>\'cral of whic h are amon<f those shown. 

M c made elides on subsiapient days, whenever the conditions were 
faxorablc. The hiehest wind thus expeidmented in was a little over 
12 nieti'rs per s(>coiid — nearly 27 miles pei’ hour. 

It had been our intention when buildine- the machine to do the laroer 

C? & 

I)art of the e.xjau'inientino- in the followine- manner: When the wind 
blew 17 miles an hour oi- inoi-e w<“ would attach a ropt' to the machine 
and let it I’isc as a kite with the opi-rator upon it. When it should 
reach a proper heieht the ojx-rator would cast oft the rope and elide 
down to the eround just as fi-om tin* top of a hill. Jn this way we. 
would he sa\e(l the trouhle of carryine- the machine up hill after each 
.elide, and could malo- at h-ast ten e-Hdi's in the tinu' re(juired for one 
in the other wa.\ . Hut w hen we came to try it W(' found that a wind 
ot 17 miles, as measured by Kictiard's anemometer, instead of sus- 
tainine- the machiiu' with its operator, a total weie-ht of 240 pounds, 
at an an.ele of incidence of 3 . in ri-ality wundd not sustain the 
machine alone — loo pounds — at this angle. Its lifting capacity seemed 
scarcely one-third of the calculated amount. Jn order to make sure 
that this was not due to tin- porosity of the cloth, we constructetl two 
small expi'i imental surfact's of eipial size, one of which was air-proofed 
and th(' otlu-r left in its natui'al state; iiut xve could detect no ditler- 
ence in their lifting powers. For a time we were led to suspect that 
the lift of curved surfaces little exceeded that of planes of the same 
size, but furtlu'i- investigation and experiment let! to tlu- o])inir)n that 
(1) the anemometer used by us overrecrjitled the true velocitv of the 
wind by nearly 15 per cent; (2) that the well-known Smeaton coetli- 
ciimt of 0.005 for tin* wind })rt‘ssure at ho is probablv too gnait bv 
at least 20 pc-r ceid; (:]) that Lilienthal's estimate that tlie pn-ssure on 
a curved surface having a?i angle of incidence of 3 etpials 0.545 of tin- 
pressui't' at ho is too larg<‘. being nearly 50 jiei- cent o-reater than \ (‘rv 
recent experiments of our own with a s])ecial pressure-testine- machine 
indicate: (4) that the superposition of tlii' surfaci's soniew hat re(luc(‘d 
the lift per s(iuare foot, as compared with a single surfaee ,,f eijnal 
area. 

In gliding experiments. howe\er. the amount of lift is of less 
relative imiiortance than the ratio of lift to drift, as this alone decides 
the angle of gliding <leseent. In a plane the pressure is alwavs per- 
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pendicular to the surface, and the ratio of lift to drift is therefore tlie 
same as that of the cosine to the sine of tlie anole of incidence. But 
in curved surfaces a very remarkable situation is found. The pressun'. 
instead of heini;- uniformly normal to the chord of tht' arc. is usually 
inclined considerably in front of the perpendicular. The result is 
that the lift is oreater and the drift less than if the pressure were 
normal. Lilienthal was the tirst to discover this exceedinuly important 
fact, which is fully s(‘t forth in his ))ook. Bird Tlijilit the Basis of the 
Flyinu- Art. but owino- to some errors in the methods he used in makino- 
measuiamients. ([uestion was raised by other investiji’atoi's not only as 
to the accuracy of his tiyures, but even as to the ('xistimce of any tan- 
o'ential force at all. Our experiments confirm the existence of tliis 
force, though our measurements ditiVr considerably from those- of 
Lilienthal. While at Kitty Hawk we- s])eiit much tinu- in measurine- 
the horizontal pressure on our unloaded machine at various ane-h>s of 
incidence'. We fe)und that at 14 the heerizeental pressure' was abe)ut 
44 pounels. 'I'liis include'd not eeidy the drift ])re)pe'r. or horizeental 
component of the pressure on the side of the surtae-e'. but also the head 
rcsistene'c of the framityv as we'll. The weio'ht eef the- mae'hine' at the 
time of this te.st was about Ins pounds. Now. if the' pro.ssuro had 
been normal to the choi'd of the surface, the drift prope'r weenld have 
beem te) the lift (inS peeunds) as the sine- of 14 is teethe' e-eesine' eef 14 . or 
.44 X lOS 

=44+ peeunds; lent this slightly excoeels the total pull of 43 

pounds on our scales. Therefore it is evident that the ave'iage' pressure 
on the surface instead of being- normal to the chord was se) far ine-lined 
toward the frenit that all the- heaul re-sistane-e' eef framing anel wires 
used in the construction wa" more than eevere'enne. In a wind eef 14 
miles per hour resistance is by no means a negligible factor, see that 
tange'utial is evidently a force of e-oiisielcrable' value'. In a higher 
wind, which sustained the machine at an ang’le of lo . the pull on the 
scales was TS pounds. With the pressure normal to the e-hord the 

. 1 7 X h.s" 

drift proper weeuld have bee-n - = 17 pounels. see that, although 

the higher winel velocity must have caused an increase in the- head 
resistance, the tange'utial tbree still came within 1 peeund of over- 
coming it. After our return from Kitty Hawk we began a series of 
experiments tee ae'ciirately dedcrinine the amount and direction eef the 
pre'ssnre preedue-ed een e'urvcd surfaces when acte-d upeen by winds 
at the various angles from zero to 90 The.se experiments are not 
ve't ceene ludeel. but in ge'iicral they support Lilienthal in the- e-laim 

''The' trenel of tlie ee-iiter of niv'-sure iiia'le' it iie'e'essary to put saiel e.ui the- front 
riielder to liriiio the' ce-nti'is ,,f irraeity aial pressure into e-oinriilene-i'. Cemse.iuently 
the weiulit of the maehine' varie'd freuii hS ]>()nnds te. lOS pounds in the different 
tests. 
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that the curves o-ivt> pre>>ures more fa\ ora)jle in amount and direction 
than plain's; tint w(' find marked ditterenco in the exact value>. 
esjieciallv at aiiu-lc' below In . We were unable to obtain direct 
mea'urenn'iit' of tin' horizontal jiressurcs of tin- machine with the 
operator on board, but by comparino- the di'.tance traveled in gliding 
with tin' \(‘rtical fall it wa^ I'a^-ily calculated that at a speed of 24 
miles per hour the total liorizontal resistances of our machine when 
bt'aring the opi'rator amonnti'd to 4n pounds, which is C([ni\ alent to 
about 2+ horsepower. It must not lie .suppo'ed. however, that a motor 
devi'loping this power would be siitlicient to drive a mandiearing 
machine. The I'xtra weight of the motor would requiri' either a 
larger inachiin'. higher spei'd. or a greater angle of ineidenci' in orch'r 
to siqiport it. and tlu'refore more power. It is proliable. howevi'r. 
that an ('iigiin' of ti horsepower, weighing lnii pounds, would answer 
the purjiosc. Such an engiin' is entirely practicabh'. Indeed, work- 
ing motors of one-half this wi'ight per horsejiowi'r (i< pounds per 
liorsepower) ha\’e been constructed by sevi'ral ditl'erent builders. 
Incri'asing tin' spei'd of our machine from 24 to '■'>'?> miles per hour 
reduced the total horizontal pressure from 4o to about h.j pounds. 
'I’his was (|uit(' an ad\antag(' in gliding as it made it possible to sail 
about l.I pi'i' ec'iit fartlK'r with a given drop. However, it would be 
of little or no advanttige in I’odueing the siz(' of the motoi' in a power- 
diHu'ii machine. Ix'causc' the lessoned thrust would be counterbalanei'd 
by tlu' increased speed p('r minute. Somi' years ago Professor Lang- 
ley calh'd attention to the grt'at economy whieli might bi' obtaiiu'd 
by Using \'ery high speeds, and from this many were led to sup- 
pose that speeds of .lo or flu miles an hour wi'i'i' ess('ntial to suc- 
cess; but the iiitrodnction of curved surfaces as substituti's for 
])lan('s has \('ry gn'atly reduced tin' spe('d of greati'st eeoiioniv. The 
probability is that tln' tirst flying ma<-hine.s M ill ha\ (' a r('lativel\- low 
spc'od. perhaps not much exceeding 20 miles per hour. l)ut the prob- 
lem of increasing the speed will !»' nuu’h sim))ler in some respects 
than that of increasing the spei'd of ;i steamboat; for. wln'i’cas in 
the latter case the size of the engine must increase as the cube of the 
speed, in tlu' flying machine until extremely high speeds are reacln'd 
the capacity of the motor inci-eascs in h'ss than simph' ratio; and tlu're 
is even a deerc'asc in the fuel eoiisunqition per mile of tra\i'l. In 
other M'ords. to double the s])eed of a steamship (und the s;mie is triu' 
of the balloon t\ lie of air shi|)) eight times the engini' and boih'r eai)a- 
city would bi' rei|uire<l and four times the fuel consumption per ndh' 
of travel; while a tlying maehitie would reipiire ('iigines of less thati 
double the size, and there would be an actual d('ei-('as(' in tla' fuel con- 
sumption j)('r mile of travel. Put. looking at t he matter eonvers('ly. 
the great disad\antage of the flying machine is a])pareut; for in the 
latter no flight at all is pos-ible unh's-, the proportion of horsepower 
to tlying capacity is very high; but. on the other hand, a steamship is 
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a ineehaiiical if it^ ratio of lior'iopoM’er to toiiiiagi’ i' in'iu’iiiti- 

caiit. A tiyiiiu' niachiiu' tiiat ivould tly at a sjx'od of .50 an hour 

M’itli eno'iiios of l.()00 hor^epoivor 'would not Ik' uphold hy itN winy'; at 
all at a spood of less tlian 4."> miles an hour, and nothiui;’ le>^ tlian .500 
horst'])ower could drive it at tins speed. l>ut a boat which could make 
4o mih's per houi- with (muim's of l,oou horsepower would still movt' 
4 miles an hour t'ven if tin' engines were reduced to 1 horsepi)wer. 
Th(' })rohlems of land and watt'r travid were soh i'd in the niindeenth 
camtury. hecaus(' it was possible to Ix'e-iu with small achiiwements and 
gradually woi'k u|) to our presimt success. The tlyine- problem was 
left over to the twentieth century, hecaux' iu this case th(' art must he 
hie'hly developed la'forc' any liie'ht of consith'rahh' duration can he 
ohtaiiK'd. 

However, there is another way of tlyine- which ria|uires no ai’titicial 
motor, and many worlou's htditwe that success will lirst come by this 
road. 1 refer to the soarine- tlie-ht. by which the ma<-hine is p('rma- 
nently sustained in tlu' air by the sami' means that are em))loy('d by 
soarine- bii'ds. 'Flityv spread tlndr wine's to the wind, and sail by the 
hour. Avith no pcu'ceptible exertion beyond that i'e(|uii’ed to balance 
and stenn- themselves. What sustains them is not ih'tinitely known, 
thoiyyh it is almost certain that it is a i-isine- current of air. Hut 
Avhether it he a risine- c-urrent or sonn'thine- el'C. it is as well able to 
sui)port a tlyine' machine as a bird, if man om-e learns the ai't of util- 
izine- it. In e-Hdine- experiments it has lone' betm known that the rat(' 
of \-('rtical descent is veiy much n'tai-ded and the duration of the 
die'lit e’reatly prolonged if a strone- wind blows up the face of tin' hill 
l)arallel to its surface. Our maehim'. when e-lidine- in still air. has a 
rate of \-ertical descent of nearly 0 feet per second, whih' in a wind 
blowine- Lb) miles per hour up aste<'[) hill we nnide glides in which the 
I’ate of descent was less than l! feet per second. And during- tin' 
larger part of this time, while the machine remained exactly in the 
rising- current, there was no descent at all. but even a slight ri'i-. If 
th)' operator had had snllicient skill to keep hiiusi'lf from passing 
beyond the rising- current. tn> would have bei'ii sustained indetiTiitely 
at a higher point than that from w Inch In* started. 4'he illustration 
shows one of these very sh)W glides at a time when the ni:ichin(> Avas 
l)racticaliv at a standstill. I'he failure to advance more I'apidly caused 
the photogra])her some trouble in aiming, as you Avill perceive. In 
looking at this picture you will rea<lily understand that tlu' excite- 
ment of gliding ext)erinients does not entirely cease with the breaking- 
up of camp. In the photographic darkroom at honu' wi' pass moim-nts 
of :is thi-illing- inti'rcst as any in the fn'hl, Avhen the imagi' begins to 
appear on the plate and it is y(>t an opi'ii ((ucstion whetln-r we liaA’c a 
picture of a Hying machine or merely a ipatcli of open sky. I'hese 
slow glides in rising currents probably hold out gi’eater hopt' of exten- 
.sive practice than an\ other method Avithin man's reach, but they have 
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the di.'iidvantao'c of rec|uirino- rather strong- M inds or very large sup- 
porting- ^ul■fae(‘s, However, when gliding opt-rators have attained 
greater skill, they can. with eomparative safety, maintain themselves 
in tin- air for hours at a time in this way. and thus by constant pra(-- 
tiee -o increase their knowledge and skill that they can rise into the 
higlu-rair and search out the currents which enable the soaring birds 
to transport tlu'inselvcs to any desired point bv first rising in a circle 
to a gr(‘at height and then sailing off at a descending angle. Th(* last 
illu'tration shows the machine, alone, flying in a wind of 3.5 miles per 
hour on the faci' of a steep hill lUU feet high. It will be seen that the 
nuu-hiiu' not only pulls upward, but also pulls forward in the direction 
from Mhi(-li the wind blows, thus overcoming both gravity and the 
speed of the wind. We tried the same experiment with a man on it, 
but found danger that the forward pull would become so strong that the 
iiK'ii holding the ropes would be dragged from their insecure foothold 
on tli(‘ slope of the hill. So this form of expc'rimenting was discon- 
tinued after four or live minutes’ trial. 

In looking over our experiments of the past two years, with models 
and full-siz(' machim-s. the folloM'ing points stand out with clearness: 

1. Ihat the lifting power of a large machine, held stationary in a 
vind at a -'inall distam-e from the earth, is much le.ss than the Lilien- 
thal table and our om'ii laboratory experiments would lead us to 
e.\])e(-t. IMien the nnu-hine is moved through the air. as in gliding, 
the discrepancy seems much less marked. 

2 . That the ratio of drift to lift in well-shaped surfac-es is less at 
angles of incidi-nce of 5 to 1:1' than at an angle of 3 . 

3. That in arched surfaces the center of pressure at ho- is near the 
center of the surfactv but moves slowly forMard as the angh- becomes 
less, till a critical angle, varying with the shape and depth of the 
curve, i" rea(-h('d. aftt-r whi(-h it moves r-.ipidly toward the rear till the 
angle of no lift is found. 

4. That -rtith similar (-onditions largi- surfa(-('s may be (-ontrolled 
vith not mu(-h greater dithculty than small ones, if the (-ontrol is 
effe(-ted by manipuli’.tion of the surfaces themst'lv(-s. rath(>r than ])v a 
movemi'iit of the body of the opei-itor. 

1 hat the head r(‘>i-'tances of the fi-aming (-an b(“ brought to a 
[joint mu<-h below that usually e-'timated as nec-es^arv. 

ti. That tails, both verti<-al iind horizontal, may with saf(>t\- be- elim'.- 
nat('d in gliding iind othei- Hying ex[)erinH>nt-.. 

7. I'liat a horizontal [(o-^ition of the o[)eratorb l(o(l\- may la- assunu'd 
without ex(-e'sive danger, and thus the head r(‘si^,tan(-e reduced to 
about one-lil'th that of the uj)right [)osition. 

8. 1 hat a [)air of superpos(>d or taiuhnn surfa(-(-s has less lift in pro- 
])ortion to drift than (-itlier surhu-e .se[(arately . (>ven after making 
allowaia-e for wa-ight and head resistain-e of the conne(-tions. 
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iluiiy iittenipts liavc hcon iiiiido to .'luin up tlu' work of the niiu'- 
teeiith reiiturv and to defint' it.s principal linc> of ])roor(‘s<. In cwti- 
niatcs of tilt' relative importance of the hooks pulilished duriiie- this 
pt'i’iod there has lieen somt' (livergence of view, hut reeardiiie- ttne of 
them no element of douht seems to have entered tin* mintl-^ of tlie 
critics. Py unanimous consent Darwin's Origin of Spt'cit's is accorded 
a commandine- position amone- the works which havt' influenced tht' 
intelh'ctual life of the century. It would he dillieult to overt'stimatt' 
tht' ('tl'ect which the doctrine tif evolution has wrought. Tht' principh' 
of ordt'i’ly and harmonious dt'velojnnent whieli it t'mhtidies lias founil 
application, not only in explaining the wide divt'rsity of organic 
spt'cii's. hut in unifying tht' events of history, in elucidating tht' 
origin of language, and in throwing light on ditheult ipiestitins in 
every department of human knowledge. Tht' idea of t'volution may 
indt'cd he traced hack through the writings of many ci'iituries. ddit' 
early philosophers, though not pos.ses.sed of the immt'nse ctdlection 
of recorded pht'iionu'iia hy which modt'rn men tif seit'nee mav test 
tht'ir theories, wert' constantly oceupit'd with grt'at prtihlenis demand- 
ing tht' widt'st generalizatitin. In atti'iiiptiiig to aeetamt for tht' t'arth 
and its inhahitaiits tlit'v made tlu' first steps in tht' tlirt'ctitm which 
Darwin suhst'ijut'iitly pursued. 

It wtmld ht' intt'rt'sting tti ri'call the strangt' traditions in which 
primitive peoph's have reeoriletl their vague imaginings tif tht' tirigin 
of things. Put the ahsenct' tif evt'ii an attt'm[)t at careful rt'astmitig 
renders such tah's of no value foi' our prestmt jiurptise. Tht* (iret'k 
philosophers were imt oblivious to tlu' value of obst>rv:ition as a eht'ek 
on speculation regartling tht' .solar .yvstem. but the instruments then 

"Ttevi'Cil from an aiMress (Iclivnrfil mi .Tiiiif .V, llllll, tiflnre the !\[iiiiiesi ita fhap- 
ter ef the 1 Iiiiiorary Scieiitilic Society of Siirina XI. t'liiversitv of .Miniu'snta. l!e- 
]irinte(l liy pei'iiiissimi of the autlim', after revision, from Po|iular Science Montlilv, 
Feliriiary, lOlIL'. 
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uvuihihlt' \v(‘i't‘ too cnidc to ifivc ufcurate po>itions of the h<‘aveiilv 
hodioN. Kvi'ii ( 'opcriiii'ii^. tliouo'h li<M-'t:il)li';li('d tlio nuii at the ('(‘liter 
of our Ny,'t(‘in, aiul tiiu> paved the way for th(' iieliular hypothe-'is. 
retained tlie epicycle.'- of the Greeks. Kc'jilc'r. liasine- In', inve.'-tie'a- 
tioii" upon the observations of Tyeho Brahe, proved, that the planets 
nio\ (' in ellip'-es with the sun at the foeii-. and removed all vestie(> of 
doubt to th(‘ oeneral i)lan of the solar sy.stem. The harmony which 
eharaeti'rizes tlu' motion'- of tlu‘ planiTs and a knowh'dee of the etl'eet 
of yi'avitation led Kant to formulate an explanation of the origin of 
the sidar ^V'tem. which subsiMjuently found more pm-fc'ct expression 
in the nebular hypothesi.s of Ijaplace. 

In this hypothesis Laplace sei'k-' to account for the formation of 
the sun and planets through the contraction of a vast nebulous cloud 
which ()nc(> tilled the entiri' solar systmu. extimding to th(' orbit of 
Keptune. This mass, which he con-idered to be tiery hot. was sup- 
posed to b(' in rotation. .\s it cooled, thrmieh radiation into spaci'. it 
coutract(‘d toward the center. The result of this contraction was to 
increase the \elocity of rotation, and whmi through increasing velocity 
the ci'iitrifug'al force at tin* jieriphery counterbalanced the attraction 
of th(‘ ('(‘iitral ma'S a ring was thrown old. T'urthei’ conti'action 
resulted in the formation of other rings, in each of which the matter 
colh'cted about its deusi'st part, and thus producecl a planet. Ihd'ori' 
tlu'y had tim(‘ to cool these planets in turn threw oti' rings, vhich. 
with the singh' exception of Saturn's ring system, condensed into 
satellites, 

'I'lii' celebrated hypothesis, though unsupported by mathematical 
proof, has occupied a dominant jio-ition since the time of its ]mblica- 
tion. moi'e than a century ago. It has been subjected to much criti- 
cism. but most of the objections raisi'd by l''uy(‘ and othi'i's lia\'e been 
met by moditicatioiis of the h\ [)othesis. ( )f lati' it has encountered 
fn 'll attacks on the part of ( 'haniberlin and Moulton, and it now 
s(‘('ms doubtful whether it will be possible to overcome thi'ir criticisms, 
which are based on dynamical considerations. It ma\ ])ro\e to Ih' 
suilici(‘iit. however, to forsaki' the lenticular mass of \apor prinlicated 
by Laplace in favor of the spiral foi'iu which Keel(‘r has shown to 
cliaracti'rize so many nebuhe. 

The nebular hypothcsi' seeks to account for a system like our own. 
wherein a central 'iin is sui'roimded by ])ianets and satellites, originallv 
s(‘lf luiiiinou'. but ultimately cooled to the point where tliev ari‘ lumi- 
nous only through reflected light. The stars an' so distant from us 
that any planets which may attend them are bevoiid the reach of th(' 
most powerful telescopes, h, some of th(> planeturv and sjiiral nebuhe, 
such as the Great Nebula in .Vndromeda (I'l. 1). we perhaps observi' 
the earlier stages ot the process of condensation, but no distinct (‘\ i- 
dence of progressive change has yet been gathered from teli'scopic 
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<)t)s(‘rv:iti()n. In seeking for (‘\ i(lcnc(“ of -'tollar (‘vohition. on a j)lan 
coinprduais'uc cnonoli to ituludc a plac(' for every ^tar in the heavens, 
we may heyin with visual and photooraphh- oh'-er\ atioiis with the t(de- 
scopt'. Sudi lannarkahle photoo'i-a])hs as that of the Andromeda n(d)ula 
seem to hring u> into the very ])resenee of a greater systoin. })erhaps 
mori' iK'arly eomparahle in size' with the iMilky Wav tlian with the solar 
system, in the actual process of formation. But on account of the long- 
periods of time which must elapsi- Ix-fore changes in this distant mass 
may het-ome sutiicic-ntly great to l>e a])precial)le, and for many other 
reasons, we could not hope- to base a complete schenu' of stellar twolu- 
tion on such })hotographs alone. Our ohser\ ational methods must also 
include' the' means of solving physical, chemical, and gi’avitational 
prohh'ins as thc'y prese-nt tln'insi'I vcs, tiot close- at hanel in the- laheera- 
torv. hut in iiK-e)ne-eivahly elistaid re-gieeiis of spae-e. Feir this re-aseen 
it weeldd have- he-e-n imjeeissihle- prieer tee the- invciitieen eef the- spe-e-tre)- 
se-ope- te) arrange the stars aceeei'ding tee any e-loarly ele-line-el svste-m eef 
deve-leepme-nt. 'I'lie- priiu'ipal aelvane-e-s which ha\ e- lie-e-n maele- in tln- 
■study eef stellar eveelutieen are- the-re-feerc e-eentine-d tee the- pe-rieed whie-h 
has e-hqese-d sine-e- the- iniehlle- eef the- niiie-tee-nth e-e-ntury. 

Thus the- inve-stigatieen ;ef ste-llar e-veelutieen has leee-n e-eente-mpeeraTU-eeus 
with the- in\'e>stigatieeu eef eerganic e-veelutieen. I nele-e-el. the- e-piee-h-makitlg 
disceevory eef the- che-iuical e-eempeesitieen eef the- sun ley Kire-hheetf and 
Bunse-n was nnule- in the- ye-ar eef the- puhlie-atieen eef the- Origin eef Spe-- 
eie-s. Be-feere- this elise-ee\e‘rv the- lue-aning eef spe-e-tral line-s hael lee-e-n as 
(jhse-ure- as the- me-aniug eef Hgyptian hie-reeglyphs jerieer lee the- elisceeve-ry 
eef the- Ivose-tta steene-. .Ifte-r it the che-mie-al analysis eef ;i ^tar he-e-amo 
harelly le-ss elittie-ult than the- analxsis eef ;m unkneewn sidestane-e- in the 
laleeerateery. Furthernieere-. it seeeen lee-e-ame- a]epa7e-nt that the- light eef a 
star, as eh-e-eenipeese-el ley a prism, was e-eempe-te-nt tee ele-tine- the- star's peesi- 
tion in a ge-ne-ral scheme- eef de-\ eleepme-nt. in w hieli e-\ e-ry ad\ anee- f rom 
the- uufeerine-el lie-leuleeus e-leeuel een tlu’eeugh the- highe-sf ele-gre-e- eef st(-llar 
lerilliancy to sue-h a final stage as is typitie-el ley the- meeon can lee- eletine-d 
with hut little- elange-r eef e-rreer. Be-feere- we- [ereee-e-e-d tee e-eeusiele-r seeilH- 
eef the- e- viele-ne-es eef stellar e-\ eelutieen. let us e-.\ami?ie- seenie- eef the- iiistru- 
me-uts anel me-theeels witheeut whie-h tile- elise-eeve-rie-s tee he- suhse-epie-ntlv 
de-se-i'ihe-el weeuld have hee-n impossihle-. 

1 shall e-eentine- my re-marks een imeele-rn ast reephysie-al iiistrume-nts tee 
tlieese- at pre-se-nt e-mpleeye-d at the- Ye-i’kes Ohse-rvateei-y. partly he-e-ause- 
ne-arly all the- e-e-le-stial pheeteegl-aphs re-preedue-e-el in the- tigure-s we-re- 
take-n with the-se- instruments anel jeartly he-eause eef the- e-einvenie-ne-e- eef 
illustrating the-m. But he-feere- eh-se-rihing the- gre-at te-le-sceejee- which 
feernis the principal aieparatus eef the- e_ihse-rvat<ery . 1 wish tee peeint eeut 
that manv eef the- ineest impeertant re-sults eef astreeneemv. re-sulfs which 
e-eeidel neet he- eehtaine-el w ith a powe-rful tele-sceejee- feer the \ e-rv re-aseen eef 
its gre-at peewe-r. have- he-e-n eh-riee-el freem the- Use- eef an eerelinarv e-aiue-i a 
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with ju^^t siieli a lens as is found in the possession of thousands of 
amateur pliotoo-raphers. If we take an ordinary caim'ra and point it on 
a ekair nip'ht towanl the iS'orth Pol('. it will he found after an exposure* 
of OIK* or two hours that tin* stars which lie near the poh* ha\ e drawn 
art's of circles upon the plate (PI. 11). This is due to the fact that the 
earth is rotatino’ upon its axis at sueli a rate as to cause every star in 
tin* sky to apiiear to travel through a complete circle once in twenty- 
four hours The nearer the star to the pole the smaller does this circh* 
liecome. .Vs we move away from tlic pole we find the curvature of the 
star trails growing less and less, until at the eipiator they appear as 
straight lines. 

,lust such photographs as the.se are frequently employed in astro- 
nomical investigations; e. g., for the purpose of recording '.ariations 
in a star’s brightness, which would be shown on the plate by changes 
in the brightness of the trail. But for most purposes it is ilesirable 
to have photographs of stars in which they are represented as points 
of liglit rather than as lines. To obtain such photographs it i-^ neces- 
sary to mount the camera in such away that it can lie turned about an 
axis parallel to tlio earth's axis once in twenty-four hours. .V camera 
so mounted becomes an equatorial photographic telescojie. dili’ering in 
no inqiortant respect .save in the construction of its lens from an 
instrument like the li>-inch Yerkes telescope. 

But the scale of the photographs obtained w ith such a camera ditl'ers 
in marked degree from that of the photographs furnished bv the tele- 
scope. Here, for e.xample, is a region of the .M ilk v V\ it v. photograjihed 
by Professor Barnard with one of the old-fashioned lenses formerly 
employed in portrait galleries (IM. HI). .Sn.-h a picture as this is of 
the greatest service in all studies of the struetuie of the Milky Whty. 
for it l)rings beiore us at a sing'le glance an immense region of the 
sky, thus permitting us to trace the general fi'atui'es which are com- 
mon to this area. You will notice in the midst of this star cloud a 
little cluster of stars, hen* so densi'ly packed together that no details 
of tin* cluster can lx* distinguished. If (uir investigations reipiired us 
to single out some individual star in the cluster, p(>rhaps for the pur- 
pose of analyzing its |ig!,t. it is evident that the portrait lens would 
prove inadecpiate for our purpo.sc. Jt is i„ such a cas<* as this that au 
iustiument like the lo-ineh telescope comes into t)la\'. The camera 
with which this photogia])h wastaketi has a lens (I inch(*s in diameter, 
of ;n inches focal length. I’la* great telescope has a h'ns 40 inches ]n 
diameter, of 04 feet focal h*ngth. Thus the .scale of the photogi-aphs 
made with the teles,-,, pc is alxnit twent\ -liv,* times that of the photo- 
graphs ma<h' with the portrait l<>ns. The portrait lens covers a larc'c 
area of the sky „„ a v,*ry .small s.-ah*. whih* tin* field of the telescope 
IS limited to a small region, which is ch'picted on a large .scale. Let 
us see tlu* ditl'erence h,*tw,*en the two instruments as dlustrated by 
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the photography them.yelve.y (eompare PI. Ill with PL IV). The .siiiall 
cluster, wliich in reality contains sev<>ral thoiisaiuls of stars, is rt'solvecl 
by iNIr. Ritchey's photocraph. taken with the laru-c tch'seope. into all 
its constituent parts, stars less than one second of arc a[)ai't bcine 
ch'arly separated on this o-reat scale. 

Haviny seen this illustration of the superior power of tin' larye 
telescope you may perhaps l)e intc'rested to become more closely 
ac(piainted with tin* instrument itself (PI. V). Tin* er(‘at w(‘iyht of 
the Tti-iiudi lens, amounting with its <-ell to half a t(m. reiiuires that 
the tube which supports it. lu're takitig th(‘ place of the camera box of 
the prc'vious instrument, shall bo of immense I'igidity and strength. 
This tube, til fecT in length, is supported at its middle' point by the 
declination axis, which in its turn is carried by thi' jxdaraxis. adjusted 
to accurate parallelism with the axis of the' c'arth. Hy mc'ans of driv- 
ing mechanism in the uppc'r sc'ction of the iron column thi' whole 
instrument is turned about this polar axis at such a rate that it would 
comi)li't(' one revolution in twenty-four hours. Altliough the mov- 
ing parts weigh over tons, th<' telesco])e can bc' directed to an\’ 
part of the sky by hand. I)ut this opc'ration is much facilitated by the 
us(' of c'lectric motors provided for the' purpose. When once dirc'cted 
toward the object to l)C oliservc'd it will frcniuently happc'n that the 
lower ('lid of the telesccrpe is far out of reach above tin' oi)server's 
hc'ad. For this rc'ason the entire' floor of the o))ser\ ing room. To fc'et 
in diameter, is constructed like an electric elevator, which, by throw- 
ing a switch, can be made' to rise' or fall through a distance' of 2 ?) feet. 
Thus the lower end of the telescope is rendered accessilcle even for 
objects ni'ar the horizon. In ordc'r that the oliseia ing slit may be 
directed to any part of the sky th<‘ dome'. !*<» feet in diameter, is 
mounte'd on wlu'els and can be turnc'd toany desired ))osition by nu'ans 
of an electric motor controlled fi’om the rising-floor. 

The telescope' is used for a gri'at variety of purposes in conjunction 
with appropriate instruments, which ai’e attaclu'd to the lowi'r end of 
till' tube' neai' the point whe're the image' is forme'el. 1 have alre'ady 
she)wn a photograph eef a star cluster taken with this te'lese'oi)e, but 
witheiut de'se'ribing the' preece'ss eef making it. .\s a matter eef fae't the 
object-glass of the 40-ine'h telescope' was elesigne'd feer visual observa- 
tienis. anel its make'r. the late' Alvan (i. t'lark. had nee idea that it 
weeuld e'ver be e'lnployed for photography. V'itheeut elwelling eipon 
the' distinguishing fe'ature's eef visual anel pheeteegraphic h'lise's 1 may 
sa}' that the feermer is see de'signe-d by the op*^ician as tee unite' intee an 
image thejse rays of light, partie-ularly the' ye'lleew anel the' green, te) 
w hie'h the eye' is meest se'iisitive'. With the oidy varie'ties of eeptical glass 
which e-an be e)btaine'el in large' pie'e-e's it is imixissibh' tee mute' in a sin- 
gle e-learlv detined image all eif the red. the' yelle)w. the green, the blue, 
and the' vioh't rays which re'ach us from a star, d'he're'feere when the 
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optician decide^ to produce an iiiiau'c most --nitatde tor eye ohservations 
in' deli])eratel\' di'<-ards tin' l)lue and \ ioli't rays, simply ])ecaus(‘ tliey 
arc I(‘s~ im])ortant to tlie eye than the yellow and onnai rays. For 
this r(‘ason the imaye ot a star produced by a laryc refracting telesc o])e 
is surrounded l)v a liku' halo containing' the rays discarded by the 
optician. These verv rays, however, are the ones to which the ordi- 
narv pliotoc-rapliic plate is most .sensitivi'; hence in a photoe'rai)hic 
telescope the lilue and violet rays are united, while the yellow and 
green rays are discardeil. 

Thi. 4()-inch telescope is of the first ty])C. constructed primarily for 
visual observations. In order to adapt it for photography Mr. (f. IV. 
Kitchev. of the observatory staff, simply places before the (isocliro- 
matic) plate a thin screen of vellow glass, which cuts out the blue rays, 
but allows the yellow and g'reen rays to pass. As isoefiromatic plates 
are sensitive to y<dlow and green light, there is no difficulty in securing 
an imau'c with the rays which the object glass unites into a perfect 
image. During the entire time of the exposure a stai' which lies just 
outside the region to be photogruphe<l is observed through an eye- 
piece magnifying 1. non diameters. This eyei)iece is attaclnnl to the 
frame whicli carries the photographic ]>late. and is susceptible of 
motioti in two directions at right angles to e;ich other. Jn the center 
of the e,vcpiece are two very fine ci'oss hairs of spider web illuminated 
bv a small incandescent lamp. If the obser\'er notices that through 
some slight irregularity in the motion of the telescope, or through 
some change of refraction in the earth's atmos])here. the star image 
is moving away from tlie point of intersection of th(' cross hairs, 
he instanth' brings it back by means of one oi- both of the screws. As 
the })late tnoN'cs with the eyepiece it is es ident that this method fur- 
nishes a means of keeping the star images c.\uctl\’ at the same point 
on the plate throughout the entire exposui'e. With such appai'atus 
certain data arc gathered for the study (d’ stellar de\’elo[)ment. 

It is easier to trace the sucecssix c steps in the development of a star 
after it has been formed than it is to account for its origin, but :dl the 
(widence that ha- been accumulated u}) t<i the present time tends to 
show that stars are c<indenscd out of the cloud-like masses which we 
know as nebuhe. Less than half a century has passed since the true 
nature of a gaseous iicbnla was (Ictermined. In his exiensix e obser- 
xatious of astronomical phenomena Sir William llerschel examined a 
gi'eat number of -tar clusters simi lar to that shoxxn in Plate I\'. Ills 
telescope was a large one. but it can safely be said that he never saw a 
cluster so well a- this object can l)e pcrccixi'd through the aid of pho- 
tography. He found in studx ing object aftcrobject in all partsof the 
heavens that manx clustcis could be I'csolxed into their constituent 
stars. In '(jIiic ol lucsc clusti-i's the stars arc xxideix' separated bv a 
])owerlul in'trmncnt. as thex appear in this photograph. In others. 
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either on ueeount of their urejiter (listuiice or t)ee;iuse the >tars are 
less \\ iih'ly spaced, tlu' central ree-ion.^ are no lone-(‘r clearly resoh ahlo 
as separate' objects. It is thus (|uite po-'sihh' to itnac’ine a cluster in 
which th(‘ stars are' see closely <>roupe>d that nee tele'scope*. howeve'r 
powerful, ceeuld distinguish them separately. 

Now. as a inatte'f of fact, we tind in all [earts of the he'ave'iis lumin- 
ous ol)jects whie'h can not he' separate'el into stars. Some' e)f these are 
of de'tinite' outline anel are ])erfee-tly symme-trie-al in form, in many 
cases with a brilliant star-like mu-le-us at the'ir ce'nte'r. These are 
known as the plane'tary ne“lnda“. Otlie'r nehuhe. like' the' e-re'at lu'hula 
in Drieen (I’l. \"I). are elitfuso anel irregular anel e'xtend oyer great 
re'gions of the' sky. It was leeng- a epie'stieen wlu'the'r sue'li eehje'e'ts we're 
capable' of resolutiein into stars with a sullie'iently jeeewe'rful te'h'se-eepe'. 
Hersche'l rigditly e-eenclude'e! that an impeertant elistine'tie)n can be drawn 
be'twe'e'ii a lu'bula anel a star e-luste'r. thenigh his seen eliel neet aelmit this 
distine'tieeti. 

It was eenly afte'f Huggins hael iiieplie'el the spe'ctrose/eepe' tee an analy- 
sis e)f the' light e)f it nebula that it ceudel bo saiel witlieiut elanger eef con- 
tradie'tieen that the' pheneeuie'ueen is imt euie* prexlue'e'el hy the e're)wding 
togethe'r eef separate' stars, but is elite' tee the- pre'se'iici' eel^a mass of incan- 
elescent gas. Sir ^ViHiam Huggins's ae-e'ount eif his lirst spe'e'treise'eipic 
('xaniinatiem eif a ne'bula is recorded in the* tirst yeelmni' eef the Publie'a- 
tieuis of the' 'I’ulse' Hill Obse'ryatoiw : 

“(.)n the' e'ye'iiing eef .Vugust idh lst;4. I dire'e-te'el the' spee treese eepe' tor 
th(' tirst time’ to a plane'tary ne'bula in Drae-e). 1 leeeeke'el inte) the- sjie'e'- 
troscoiie. Xe) spectrum such as I had e'xjiectod! .V single' bright line' 
otdy! .\t tirst I suspoe'te'el seeine elisjilae-e'me'nt e»f the' prism anel that I 
was looking at a rotlee'tion eef the' illuminated slit from eme' eef its faces. 
This theuight was se'arcely ineue than nmmenteiry : the'ii the' true' inte'i’- 
pre'tatiem Haslu'd upem me. I’lie light (>f the ne'linia was meenoe'hro- 
matie'. aud see. unlike' any other light I hael as ye't subjee te'el to ju'isuiatie' 
examination, ceeulel ne>t be' I'xti'neh'el eeut te) feirm a e'ennple'te' spe'e-trum. 
After passing through the two prisms it remained e'eme entrate'd into a 
single' bright line', haying a wielth e-eerre'speeniling to the* wielth of tiw 
slit, and eici'U[)ying in the iustrume'iit a peisitiem at that part of the' 
spe'e-trum tee whie'h its light belongs in re'frangibility. .V little e'leese'r 
leeeeking sheewe'd twe) othe'r leright line's on the' siele' teeward the blue', 
all three line's be'ing separate'd by interyals relati\ e'ly dark. The' ridelle 
e)f the' ne'buhe was seelye-el. d'he' ailsWi'r. W hie-h hael e-eeiue tee us in the' 
light itse'lf. read; Xot an aggre'gatieai eef stars, but a luminous gas." 

With this aelyane'e a ne'W e-ra of preigre'ss be'gan. The' peewe'r eef the' 
spe’ctreese'eepe' te) distinguish be’twe’i’n a gleewing gels anel a mass eef par- 
tiall\' e-eenele'Use'el \ apoi-s like' a star I'stablishe'el it at one-e' in its phu'e' as 
the chief instrume'nt eef the' stueli’iit of stellar e-yolution. It be'e-anie' 
appare'iit that the' unfeirnie'el ne'bula might turnish the' stulV freem w hie-h 
steirs are' made-. ( tlese'i'yations te’nelingto this e-eenclusieai were not leeng 
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in preseiitinn- thoinselves. In tho heart of the Orion nebula are four 
suiall star-^ whieh (•on>titut(' tlie well-known Trapeziuiu. Situab'd as 
they are in the midst of this fai’-reaehin*;’ mass of yas. it is not hard to 
piefurt' them as renters of eondensation. toward whieh the play of 
gravitational forces tends to concentrate the gases of the nebula. It 
might therefore be expected that stars in this early .stage of growth 
should show through tlH> spectroscopic* analysis of their light some 
e\ id('nce of r('lationship with the surrounding nebula. Now. this is 
precisely what the spi'ctroscope has demonstrated. Mot only these 
'tars, but many other stars in the constellation of Orion are shown by 
the spectroscope to contain the .same gases which constitute the nebula. 
For this and other reasons they are considered to reprc'.sent one of the 
earliest stages of stellar growth. 

It may be many years before the exact natun* of the process by 
'.'.Inch a star is formed from a nebulous mass is clearly understood. 
.Shortly before his death the late Prote.ssor Keeler made a most impor- 
tant discov(‘ry in the course of his photographic work with the Crossley 
r(‘tlector of th(' Lick Ob.servatoi*y. Spiral nebula* have long- been 
known, but it was lujt suppo.sed that they were suHicif'utly numerous 
to b(‘ I'egarded^is type objects. The great spiral nebula illustrated 
by one of .Mr. Kitchey’s r(‘cent reflector photographs (PI. Vll) has long 
becm regarded as one of the most remarkable objects in the heavens, and 
tin* possibh* signitieanco of its form had by no means Ix'en overlooked. 
But few astronomers were prc'pared for Professor Keeler's announce- 
ment that the majority of nebula* are of the spiral form and that many 
thousands of these obj(*cts ar(* within the r<*ach of such an instrument 
as the Crossley reflector. It does not seem improbable that this spiral 
form may prov(^ to r(*pr(*s(*nt tin* original cond(*nsing mass more truly 
than tin* lenticular form from which Jjaplaci* imagined the solar system 
to b(! ec'olved. 

Enough has alr(*ady be(*n said to indicate how largi* a part the 
m(*thods of spectroscopy must play in the study of the life history of 
stars. In spite* of tin* common opinion that tin* spectroscope* is an 
intricate instrument anel that the priin-iph's of spee-trose*opv are* obse*ure 
and elitlie-ult eef ce)mpi-ehe>n'ie)n. it i' a tact that the* pre)e-e*sse*s useel in 
this tie*lel eef in ve*stigatie)n e-an be* e*asily unelerstood by anyeene who will 
deveete* a very small anneunt e>f time te) the subject. .Vs you ele)ubtle*ss 
kneew. the* e*'se’ntial fe'ature* eef a star .spe*e*trosi*e)pe* is the* jerisin eer train 
of jjrisins by whie-h the* star light is divide*el inte) its e-onstituent parts. 
.Vfter pa"ing thi'eeiigh the prisms the light eef the* stai' is spre*ael end 
inte) a lenig banel, w hie-h she)ws all the* ceeleers of the raiideeew. be*ginnin<>- 
with re*el at eein* e'lnl anel passing threnigh eerange*. ve*lle)W. gre*e*n. anel 
blue* to viole*t ;it the* other. This banel is e*re)sse*d by line*s, anel tin* 
pre)ble*m eef the* spe*e*troseopi't is tee inte'ri)re*f the* meiunngeef the*se* line*s. 
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If the lines are dark he knows that the light of the star after originat- 
ing in an interior incandescent body has passed through a mass of 
cooler vapors, and that during its transmission some of the light has 
suffered absorption. If, on the other hand, the linos are bright, he 
knows that the region where they are produced is hotter than that lying 
below. Thus a single glance at the spectrum of a star is sufficient to 
give important information regarding the physiiad conditiozi of its 
atmosphere. 

But the spectral lines are able to tell a far more complete story of 
stellar conditions. If their exact position in tin' spc'ctrum can b(‘ 
measured it becomes possible to detei mine the chemical com[)()sition 
of the star’s atmosphere. And here the spectroscopist may be said to 
have the ad\ aiitag(' of the archeologist, in that the key to stz'llar 
hieroglyphs is a master key. capable of interpreting not merc'ly the 
language of a single pezjple oi’ a single agz'. but of laving bare the 
secrets of the most distant izortions of tin' univeist' and applying with 
ezpial force to the primitivz' and to the most highly developed foimis of 
celestial phenomena. If we take a piece of iron wii’e and turn it into 
vapor in the intense heat of an eh'ctric arc lamp we find that the light 
which the glowing iron vapor emits, when spread out into a spectrum 
by a prism, consists of a series of lines characteristically spaced and 
always occupying the same relative' positions. In tin' same way ('very 
other element when transformed into vapoi’ by a suliicie'ntly intense 
heat emits characteristic radiations, consisting of groups of lines 
occupy ingdetinite positions in tin' spectrum. It is thus easy to see how 
the presence of iron vapor can bo detected in the atmosphei-e of Sirius 
or in that of the sun. In the spt'ctrum of each of these stars we find 
a group of lines occupying the same relative positions as the lines fur- 
nished bv the ii’on vapor in an eh'ctric arc. Hydrogen gi\ es an ('V(‘n 
more characteristic group of lines, which grow closer and elosi'r together 
as we pass from the red end of the spi'ctrum towai'd the violet. This 
group occurs in the spectra of thousands of stars and serves as an 
important guide in determining a star's placi' in a gein'ral schenu' of 
stellar evolution. 

Th(' practical means of carrving out this method of ri'search may 
be illustrated by a referi'iice to tin' stellar -pt'ctroscopi' employed with 
the 4(»-inch Yerkes teffiscope. The spectroscope is rigidly attached to 
the lower end of the ti'lescope tube. The image of a star formed by 
the 4i>-incli h'lis passes into tin' spt'cti’oscopi' through a slit about oiu' 
one-thousandth of an inch wide, .\fter analysis Ip- a train of thrc'e 
prisms an image of the resulting spectrum is formed by a suitable lens 
upon a photographic plate. In making the photograph it is only 
necessarv to kt'cp the imagt' of a star exactly on the. slit throughout 
the exposure, which may occupy from one minut(' to several hours, the 
duration depjnding upon the brightness of the star. 
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We lun e seen that a single glance at the spc'ctrum of a star is suffi- 
cient to give iis important information as to the structurt' ot its atmos- 
phere. while a studv of the position of the lines tells what chemical 
ehmients art' [tresent. We might go on to consitler how tin' width and 
sharpness of the lines, togetht'r with shitts in their position toward the 
red end of the spectrum, furnish the means of I'stimating tht' density 
of the vapors and the pressurt' to which they are sulijected. Th(> I’ela- 
tivt' intensities of certain lint's also st'rvt' as a clew to the tt'inpt'rature. 
Thus in the spectrum of magnesium tht>re is a pair of lines, one of 
which is the strtniger at tht' temperaturt' of tht' t'lectric spark, while 
the other is the strttngei' at tht' lower tt'iupt'rature of the eh'ctric arc. 
In the spectra of certain stars tht' grcatt'r intensity of the tirst line 
mav indicate that the tt'inpt'rature is high and approximates that of the 
electric spark, while in otht'r stars tht' relativt' intt'iisitit's are reversed, 
suggt'sting that the temperaturt' is Ittwerand corresponds nmrt' clttsely 
with that of the electric arc. In addition to all this, certain t'asily 
measureahlt' changt's in the position of tin* spt'ctral lines are known 
from Dtippler's priuciph' tt) indicatt' intdion t>f the star in the diri'ction 
of tht> earth, d’hus. if the lines are shiftetl ttiward the red with refer- 
ence to their normal position, and if wt' havt' t'videnco that the shift i.s 
not dut' to pressure, we may conclude that thi; distance between the 
earth and tin' star is increasing, while if the lines are shifted toward 
the violet wt' eonehtdi' that the distance between the earth and the star 
is decreasing. As the earth's motion is known, the vi'locity of thi' star 
in tin' line' ot sight can tln'refore be accurately deti'i’iniin'd. 

After this glance at the methods employed by the spectroscopist. ive 
mav |■('turn to a furtln'r consideration of the stages of stellar ('volution. 
^\'(' lane seen that tin' long-continued action of gravity tt'iids to pro- 
duc(' coinh'iisation of a cosmical cloud. The constellation of Orion 
contains many ('xamples of stars in this ('arly stag(' of d('V('loj)ment. 
As tin,' mass condenses its tempi'ratuia' I’isi's, and cori't'spouding with 
this ris(' in temperature and in tin' density of the vapors which consti- 
tute' the star w(' tind characteristie change's in the' s})ectrum and also in 
the star's color. Such a brilliant w hite' or bluish-wdnte' star as Sirius 
or \ ('0!i may be' take'ii as re'jiresentati ve e)f the' lu'xt stage' of stellar 
development. Ih're the broad leands of hydroge'n. which constitute' a 
beautiful series e'xpre'ssible b\' a simple matlie'inaticiil foi'inula. se'rve 
as the' chie'f mark of distinction. The' conditions are' not ye't ripe' for 
the' marke'd (l('\'elopment of me'tallic lines, though doubth'ss the' nunie'r- 
('rous ('le'me'nts wdiich constitute the sun. and which for the most part 
are' familiar to us on the e'.'irth. are pre'se'nt in such steu's. though they 
are' not revealed thi'ough a study of the' spe'ctrum. It is true theit evi- 
dence' ('.xi'ts of the' pre'se'iice of iron and a tew otlie'i' substance's, but 
the line's are' thin ami few' in nmnbe'r. ami might be o\'('rl()()k('d in a 
casual ('xeimination of the' spectrum. The pe'riod for tlu'ir gre'ate'st 
development has not yet arrive'd. The light gas hvdrogen. reaching 
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far above the svliite-hot iiia,'.^ of euucleiised vapors which constitute 
the nucleus of th(> star, is :it tliis stay-i' tlu' predoininant ehanent. at 
least so far as we may jiulo-e from a study of tlu' li^-ht radiation. 

An iiitert'stinu' (pii'stion has arisen rec'ardinc’ the period in a star's 
life at which the highest temperature is attained. The appaiently 
paradoxical statement of Lane's Inw tliat tlu' temperature of a cooling 
mass of incandescent vapors, instead of falling-, actually inci’cases until 
a certain stage has passed, applies in the ])r('sent instanc('. A'ln indeed, 
know that a condensing neliula. losing heat l.'y i-adiation into spac(‘. will 
continue to rise in temperature for thousand' and e\ en millions of 
years. .V question nhich has ria-eivc'd sdine discussion of late is with 
regard to tlu' i)recis(‘ period at which the ma.vinmm tenip(M-atur(' occurs. 
Shall we s('ek it in whit*' stars liki* Siriu' or in yidlow 'tars |ikt> the 
sun. which represents th(‘ next well-detined stage' of stellar evolu- 
tion t With an instrument of t'xtraordinary d(‘licac\ Professor N ichols 
has r(‘C('ntly measured at the Yerkes Obsi-rvatory tht* amount of lu'at 
which we recei\e from \ ('g;', and .Vreturus. 'I'Ih' distance of these' 
stars is see incoiee-eivably great that the' (piantity eef heat whie'h tlie'V 
send te) tlie' surfae-e of the' e'arth Ini' hithe'i'tee he'cn teeee small tee he' 
detee'te'd ley the* most sensitive' instrunie'iits. Prede-sseir Nicheels's raeli- 
onu'tei'. whie-h. in ceemliinatieen with a large' ce>nca\ e' mirreer. re'nele'i-' it 
easy to me'asure' the heat radiate'd freem a man's face' 2.000 fee't away, 
proved aele'epiate' feer the' task. lie' feeunel that returns se'uels usabeeiit 
as much heat as we should get freem a canelle d miles away if there' we-ro 
lie) inti'r\ e'ningatme)splu're' to re'elu<-e' the* e-anelle''s inte'ii'ity . \’e'gii. whie-h 
to the eye is pre'cisely e'e[ual te) Are-turus in hrightne'ss. was feiund to 
send tis e)nly half as nuu-h he-at. If the' abse)i-liing atniosphe-re's of 
Arcturus anel ^'ega We-re simihir in character, it woukl feellow. from 
Profe'sse)!- Ni(-he)ls's re'sult'. that X’ega. thoun-h it se'iieL us h'ss heat, is 
really the- heitter e)f the- two 'tars. For we kimw from laheiratory 
expe-rime'iits that the' pi-e)portie)n eef leeng tlu'-at) wave's tei slieirt (light) 
waves is gre'ater in the radiation e)f the cooler of twe) bodie's he'ateel to 
incaneh'se-e'iu-e'. In this case' the' fae-t that .Vrctui-ii' se'iuls the' gre'ate'f 
amount e)f he-at woulel be' a'cribeel rathe'i- te) greater size' than to lesser 
distane-e'. as the're' is ge)e)el re'ase)n te) be'lie've' that it is farthe'i' freini us 
than Vega. 

r)ut unfeertunate'ly the' dissimilarity of the' atnmsphe're's e)f the' two 
stars rende'i's it une-e'rtain \\ lu'the'r siie-h i-einciusieeus e-an safely be' elrawn. 
This is particulai -1 V true' in \ ie'w of the' tae-t that Sir V illiani Huggins 
e-onchuh's frejin his spectro'e-eepii- 'tuelii'' that the' highe'st stage' eef ste'llar 
te'mpe'rature' is re'ae-he'il in 'tars like' .Vre-turus anel the- sun. while' stars 
like Vega are still in an e'arlie'r anel h'ss highly he'ate'el e-eenditieen. 

While' some' une-e'rtainty miisi ihe're'fori' ])re'vail until furthe'r inve'sti- 
gations have been e-eemph'te'el re'gareling tlu' e'xae-t stage at whie-h the 
highest stellar tc'mpi'reiture's are' attaine-d. tlu're' e-an be little doubt as 
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to the path ^v•hi(•h is followed when through the long continued action 
of gravitation a young star likeA'ega develops into a star like the sun. 
We ar(‘ fortunate in pos.sessing examples of a great number of inter- 
uu'diate stages in this orderly progress (PI. YIII, fig. 1). As condensa- 
tion eontiniu's, and as the vaj'ors which constitute the star continue to 
crowd upon each other, the stellar nucleus becomes denser and denser 
and the \iist atmosphere of hydrogen gradually gives jdace to a much 
shallower atmosphere, in which hydrogen is still conspicuous, though 
it no longer iiredominatc's in a very .striking manner over the other 
elements. The spectral lines of such elements as iron, magnesium, 
sodium, and calcium, rise into prominence as the hydrogen lines fade. 
Meanwhile the light of the star undergoes a change of color, com- 
pletely losing its blui>h ca>-t and assuming a distinctly yellow hue. 
There can be little if any doubt that tlu> dew'lojnuent of our own sun 
must cause it to pa's througli some such stages as are represented by 
the spectra shown in PI. VIII, tig. 1. The time' which has elapsed 
since it acquired its present size iind density as the result of the con- 
densation of the great nebula in which the eiirth and the other planets 
also hiul their origin. co\ (.‘rs many millions of years. It is fortunate 
for the study of stellar evolution that the stages through which the 
sun once passed ;ir(> till exemplitied in (‘xisting stars, which for ludcnown 
reiisons h(‘giui their stcdlar life at widely diti'erent times. 

It will be protitabh' to consider for a moment some of the riunark- 
able phenomena which are prescmted to us by the sun. not only beciiusc 
of their intrinsic interest, but also because it is perfectly safe to assume 
that similar [ilnmomena. soUK'tiuK's on a much greater scale, would be 
presented by other stars, wen; they not at so great a distance from the 
eai'th as to ri'duee them to mere points of light. (>ven in the most power- 
ful telescope. 'I'he sun has a diameter of S6( 1,000 miles and. as its dis- 
tance from the earth is oidy UM.OOO.OOO miles, an extremely small frac- 
tion of tin- distance of the other stars, it is possibh' to observe and to 
study in detail its extraoi'dinary phenomena, which are incomparablv 
nioi(> \ iolent than anything observed on the earth. M’hen we speak of 
the sun ve speak collectively of a great number of phenomena, some 
of w hieh extend for millions of miles from tin* sun's \ islbh‘ disk. Chief 
of these is the corona, a vast tilmy atmosphere so rare that it offers 
little or no resistaiu'C to the passage of a comet, as it sw(>(>ps around the 
sun mider tin' action of gravitation and returns into the space from 
which it came. The polar streamers of the corona (PI. VIII. tig. -J) 
gests the action of mag'netie forces and otler matei'ial for long continued 
study of this, the most mysterious of all the solar a})pendages. At the 
bas(' of the coi’ona. rising out of a .sea of Hame which completidy 
encircles the sun. are the prominences, .some of which occasionally 
attain a height of lu-arly -lOo.uuo miles. Like tin' corona, the promi- 
nences are hidden by the brilliant illumination of our own atmosphere, 



Fig 2.— Eruptive Prominence Photographed in Full Sunlight at the Kenv^ood 
Observatory, Chicago, March 25. 1895 
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and me vi.sil)le to the naked eye only when the direct light of the sun'^, 
disk is cut otr hy the interposition of the moon at a total eclipse. But 
methods have been devised by which they can be observed or photo- 
graplied on any clear day through the agi'iicy of a moditied form of 
spectroscope. The prominences are constaiitlv changing in form, 
sonu'times slowly, as in the case of this group (PI. IX. tig. 1), a photo- 
graph of which, taken at the ecli])se of May 'JS, ll*( in. by the astronomer 
royal of England in .'>pain, is shown for comp-arison with the photo- 
graph taken about two hours earlier by the Yerkes Observatory party 
in North Carolina. Ili're the change in the foim of the mass of gas 
M’hich constitutes the prominence i." comjiaratively small, but that 
violent forces are sometinu's at work may be illustrated by photographs 
of an eruptive prominence taken at the Kenwood Observatory in IS'.l.j 
(PI. IX, hg. 2). At the moment when the first ])hotograph was made 
the prominence had attained a height of Iflo.non miles and was rising 
rapidly. Eighteen minutes later another jiictiua' was taken; during 
the interval the prominence had been going iijiward at the rate of 11,000 
miles a minute, and when the exposuia* was made it had reached an 
elevation of ;ib(i.(.»i(.) miles. Mdien looked for a few minutes later it 
had completely disappeared. 

The constitution of the chromosphere, the sea of flame some ln.Ono 
miles deep from which the prominences ilse. increases in eomph'xitv 
as the surface of the solar disk is approached. In its upper part only 
the vapor of calcium and the light gasCs, hydrogen and helium, are 
found. But in proceeding downward the vapors of magnesium, sodium, 
iron, chromium, and last of all. carbon, are successively encountered. 
At this part of the solar atmosphere the dark lines of tin* solar spectrum 
take their rise through the effect of absorption. 

Time does not permit a detailed description of the jihenomena of the 
sun's disk. AYlien photographed with an instrument which excludes 
from the sen.sitive plate all light except that which is characteristic of 
the vapor of calcium, its surface is found to be dotted over with exten- 
sive luminous regions. Associated with these are the sun sp(;ts. the 
minute studv of which has i-evealed some strikingly l)eautiful phenom- 
ena, which have been most successfully drawn by Langley. The 
surface of the sun in the rc'gions devoid of spots is shown by the pho- 
tographs of Janssen to consist of brilliant granules si'parated by darker 
spaces. (Much might b(> said of the peculiar law of rotation of the 
sun. which causes a point near the e<piator to complete an axial rota- 
tion in much less time than a point nearer the poles. Much might 
also b(' .said of the })eriodicitv of sun spots, which at times are very 
numerous and again, as at present, are absent from the sun s disk for 
weeks together. But enough has already been told to indicate .some 
of the chief characteristics of this central star of the solar .system. 
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which has thou.-^ands ot' comiterpiirts iunonii' other stars of the same 
sjx'ctral class, 

Wi' are now approaeliiiig' the last chapters in the life history of a 
star. After thi' solar sta<fe has passed the color ehanj^es from ycdlow 
to onuiee. and suhse(piently to red. as the temiterature falls, d’he 
spectral lines of hedroo-en become fainter and fainter and llnally dis- 
apjiear coiii{)l(‘tely. I’he lines of the iindallic (dements, on tin' con- 
trary. heconie more and more complmc and the changes in their 
ladative intensities are those Mliich ar(‘ (diaracteristic of lo'.ver temper- 
atures. Hat curiously enough, thma' are two well-detined classes of 
thest‘ older stars, which until recently weia' not known to have any 
points in common exc(‘pt tlndr red c(jlor. Thesi' are th(> stars of 
-Seccdii's third and fourth types. In o’eneral appearama' iheir spectra 
ar(' wholly unlike. j)arlicularly on account of the abscmce from third- 
class spi'ctra of the broad dark bands due to the t.’ .'Sorption of carbon 
vapor, the most cliaract(*ristic feature of the fourth tyjte. lint in 
si)ite of this a[)parei!t dissimilarity, photographs recently taken with 
th(' 4o-inch Yerkes tidcscope >how that in certain regions of th(> s])ec- 
truni stars of the two types are practically identical and are thus 
})robahly more closelv related than formerly appeared to be the ease. 
The measurements and reductions of a long series of photographs of 
fourth-type spectra now in progre.ss at the Yerkes ( Ibservatorv should 
soon jiermit us to form an opinion of the nature of these interesting 
stars. 

In hoth the third and fourth types it is easy to trace the successive 
stages of dev(dopnient. In stars of the fourth type the signs of increas- 
ing age are particulai'ly striking. The curhon vapor w Inch produces 
the hi'oad dark hands b<‘conies denser ami denser, until it is not dilli- 
cult to imagine that through the further increase of such absorption 
tin' light of the star might be almost eompletc'ly ('xtinguished (PI. X). 

'I'he ])henomena of the red stars indicate that this tinal stage is close 
at hand, and curiouslv enough, in further t('stimonvof tin' I’emarkabh' 
pow('r of till' spectrosco[)e. the total e.xtinction of a star's light does 
not alwa\ s prove sufficient to plae(' that star hey(md tin' r<'ach of this 
iustrumeid. It is true that tin* spectroscope can not rc'veal tin' clu'inical 
composition of a solid body which is (h'void of intrinsic light, but such 
a body m;iy form a system with another ohj(‘ct which is still luminous, 
and its gra\ itational power may cause the luminous laxlv to mo\'e in 
an or’nit. ,\s we havi' already seen, tin* spectroscope is cajjahh' of 
re\ ('aling the motions of such a body. From a knowh'dgn' of tlu'se 
motions and the tinn* in whieli tin' re\'olution is effected it is possible 
to determiiK' tin' mass and dinn'iisions of the s\.,tem. and in some st)('- 
cial cases, hke that of Algol, tin* diameter and deiisitv of tin' invisible 
component of the pair. 
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Wo must look to the solar system for examples of stai's in the last 
stag'(' of d('\(‘lopmeiit. Kach of tlu' planets may. in fact, ix' regarded 
as an object of this kind. The t)are and rticky surface' of the moon 
atfoi’ds a de'solati' pictui'i' of what may result fi'om this lonu'-e-ontinued 
process of e'ondensation. The volcanic region, which is shown to 
excellent advantajiv in a ])hotoi>-raph recentlv takc'u with tin* Verkes 
telescope (PI. XI). gives no evidence of the existence of life; in fact, 
the Spectroscope indicates that if there is any air on the moon it is 
much too rare to sui)port lift' as wt- ktutw it. 

T ortuuately, the moon is not the oidy example of a worn-out star. 
The earth, which prohahly has many counterparts in the univt'rse. is 
another examph' of a less desolate kind. Ih're. though the pi-ocess 
of condensation which is the t'hief cause of ct'lestial phenonu'iia has 
ceased, the prohh'ui of t'\’olution has not eiuled. In fact, though the 
cosmical problems which we have considered in their barest elements 
will iu)t b(' comi)letely solved foi' centuries, it may be truly said that 
the questions raised by the countless li\ ing- organisms in a single drop 
of ditch watt'r ai'O still more coiuple.x and will re(|uire a still longer 
time for their solution. 




A NPAV SOLAR THKOKY. 


liv Prof. J. Hai.m, 

Ittnjitl Obst'i'riiloi'i/, FjUnbnrtffi.^' 


It is a remarkable faet that in the niuncroiis theories wliich have 
been i)ropouml('(l in (explanation of tin' pc'riodic chanyos of th(> sohir 
phenomena no aeeount has yet been taken of .so important an element 
as the light and heat absorbing- en\ (eIoj)e snnanmding the plK)t( (sphere. 
The attention which this so-called solar atmospher(> has hitherto 
received, on the pai't even of our most eminent investigators, in con- 
nection with the economy of radiant energy on our luminary, is utterly 
di.sproportiouate.to the importance of tin' subject. In spite of tlu' fact, 
which was tir.st accurately established by Langley's observations and 
was afterwards continued by others, that the sun. if d(^prived suddenly 
of this protecting- screen would radiate into space as much as douldi' 
its present amount of energy, solar physicists failed to per(-eiv(' that 
changes in the absorptive power of this envelope must entail (-onse- 
(piences of the most far-reaching cliaractcr with rt'spect to the thm-niid 
conditions on and in the sun. That such changes — and these, too. of 
no ineonsideralde magnitude — must inevitably oc(-ui-. is a (-om-lusion 
which it is hardly possible to evad(‘ when it is i-enu‘inber(‘d that the 
supreme control over the dispensation of solar tmergy depends entirely 
on a thin, shallow surfa(-e layer, the matter of which is constantly 
tossed about by vehenumt eruptions and ai-ted upon by a most com- 
plicated and powerful system of conve(-tion (-urrents to and from the 
sun's center. 

The possibility of variations of th(> opacity of tin- solar atmosphere 
was, it is true, strongly urged, more than twenty years ago. by one 
of the greatest authorities on this (piestion. Shortly aft('r his well- 
known researches into the absorbing faculty of the solar envelope, 
Langley [minted out the decisive influence on the sun's radiation into 
spac(' caused by (-hanges in the transmissivi' [)ower of its atmos[)hcre. 

" Iteprinteil, with adilitiens tg the autlim-, I'reiii Xatnre. Xn. ItiS.'i, vnl. li."), Fehriiary 
i:!, 11)02. 

.Vl)straet ef a paper in Astr. Xaehr. ( Xo. a72.-;, o724l . --("el>ei- eiiie iieue Thecpi ie zur 
Erklaning der I’eriedieitat der selarea Ei-si-heinungen.” 
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But his attention was at the time solely directed toward their proha- 
])!(' etiects on the temperature of our own planet. lIc' found that an 
increase of absorpti(jn lyv a'^ much as -J.'i per cent would diminish the 
mean surface temperature of our e-lohe by lot)' F.. wliile a tike 
diminution in the solar envidope would produce a corn'sponding 
chane-e in the opposite direction. 

Now. if the influence of a change in the absorptive power of the 
solar atmosphere is ■>0 enormous on a planet at a distance of almost a 
hundred million of miles, of what inconceivaljle importance must it 
not be for the sun itself! Drawing the very natural inference that a 
deficit of outside radiation means a surplus of energies working upon 
the solar matter and vice versa, we ai'e forcil)ly led to concludf' that 
even slight changes of opacity, such as would elude our must I'eflned 
observations, an' bound to greatly influence the state of tln'i'inal equi- 
librium on our luminary. 

Ilenci', if changes in tin' ab.sorptix’e })ower of tin' sun's atmosj)here 
exist, as can not but be the case, the (jin'stion presents itself: What 
happens with those energies which, by a condensation of the solar 
('iivelope. are prevented fi'om escaj)ing into space! No doubt they 
are preserved to tin- sun. but in what form? Do they raisi' the tem- 
perature of the solar mas>. or augment its store of potential energy, 
or ha\ e they a share in the generation of those marveh)us dynamical 
displays whic'h we perceive in periodic succession on the solar surface! 
Questions such as these must tend to convince tin' in\ estigator that a 
re.search into tin' causes of the variability of the forces which we see 
acting on the sun. if not identical Avith. is at least elos('ly akin to. the 
investigation of the origin and the physical pi-opertit's of the sun's 
atmospln'i't'. 1 shall endeavor in these columns to demonstrate the 
possibility of such changes in the dc'iisity of tin' solar envelopi' as 
would lead to altt'rations of tin' thermal conditions of tin' sun's mass, 
and shall make an att('mpt tt> answer tin' (|iiestion as to how far tlx'se 
changes must lie conducive tf) variations in tin' dvnamieal ptu'iiomena 
at the sun's surface. 

There i-. perfect uminimity among astronomers as ri'gai'ds the 
natui'(' of tin' foi'ee which. I»y a continuous generation of hi'at. com- 
pensates for the loss of ('iiergy into -pace. Ilelndioltz's tlieorv. which 
attributes this In'at gem'ration to the progressivi' contraction of tin' 
solar mass as a eonse((uenee of gravitation, may bi' regarded as one of 
the most pr()l)al)le hypotin'scs ever ))ropounded in tin' historv of 
physical seieiict'. But this tin'ory do('s not yet enabh' us to form an 
idea of the ('volution of a eeh'stial body. It explains the existenc(' of 
a heat-geiu'rating force within tin' star's t»nlk. but it giv('s no answer 
to tin' ([ucstion as to wln'ther the lossol em'rgv b\' radiation is ('xaetiv 
compensat('d for by tin' generation of energy through contraction, or 
wln'tln'r the conditions of contraction peculiar to tin' sun mav not 
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perhaps produce more or le>s heat than i.s re(juired tor compensation. 
It is, indeed, inconctuvahlc that the conditions of contraction can 
remain the same throughout the lifetime of a star. I’lie spectroscope 
has revealed the fact tiiat the photospheres of ditl'er(‘ut stars exhibit 
widely diU'erent stao'cs as reyarcU Hunperaturc. Thci’c are doubtless 
suns hotter than ours, and others considerably coolei'. And we may 
contidently assume that the variou-' conditions of temperature now 
recoenized in the ditferent types of stai'-spectra r(>])resent tlie phases 
which successively appear in the evolution of each of thes(' txalies from 
its orioin as a far-exteiuh'd nt'bula down to its conn)lcte obscuration. 
In the life of each of thi'.se 'tars there will be a piu'iod wlii'ii its tem- 
perature is on the ascent, and when. conse(iut'ntly. tlii' lieat-e-eneratine- 
effect of the contractile force exceeils the loss by outward radiation, 
as well as another period when the (lecliniiu;' tiunpcrature of tlu' star 
indicates an (‘xcc'ss of the heat-di'sipatine- owu' the hcat-producino- 
forces. Which of tliese conditions, at the ])rcsent inoiuent. prevails 
on our sun can so far be only a nuitt(‘r of conjecture. In this r(''p('ct, 
therefore, an assumption lia- to be made, d'lu' following in([uiry 
applies to the case of a star on which tin* generation of I'nergy by con- 
traction falls short of the loss of energy by radiation. Whether the 
results of this inxestigation may be ai)plied to tin' cast' of our sun 
must, then, dt'pend on the further (luestion whether the sun really 
belongs to those stars the tenuteraturt' of which i' declining. So far 
as I know, this latter opinion is at present held by the groat majority 
of astrophysicists. 

If on a star the loss of energy exceeds the production, the kinetic 
energy of its molecides, and conse(jU('ntly its absolute temperature, 
must decrease. Hence if the tenuteratun' of a layer, . at a certain 
distance, /J,. from tin' center was ' 1 ', at the (‘poch it w ill be I', at a 
later epoch t.,. w here T.,sC Tj. AOw let be the le\ cl of the photo- 
•spht're — or tin' level of maximum incande'cence. and therefore also 
of maximum radiation — at tin' ('poch In consenucnce of deficient 
contraction tin' ti'inperature of this layi'r must decrea't'. and the mate- 
rials composing it inu't cool down. 'O that, at the subscipient epoch 
f,. the levi'l of maximum incandesci'in-e will ha\(' shifted toward a 
layer u,. nearer to the star's ct'uter. when' the temperature is still 
sutiicientlv hieh to maintain tin* incande'Ca'nt state of all the particles. 
The space between and u., will then be occupied by particles in a 
less luminous state w Inch act as an al)sorbing scn'cn on the radiation 
emanating from u.,. M hatever fraction of the total radiation which 
originally left tin' jdiotosphere at u., is thus sto])])ed in its outward 
progress will be in part absorbed by. and in part retlected from, the 
intervening ])articles of the lay<'r u,u,. and there can la- no doubt that 
SOUK' at least of this arrested energy will ultimately be thrown back 
to c.. from which it startl'd. The layer <p,/, must therefore act on the 
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pliotospheric radiation in tin* saint' way as do our atinosphero and its 
clouds on the radiation from the soil. IVc arc tpiitt' familiar with tin* 
fact that ch'ar niohts art', as a rule, cooler than cloudy tines, and we 
explain this phentimentm by the assumptitin that on clear niehts radia- 
tion from the soil into space goes on more freely thairwhen clouds 
offer an effective impediment to the dissipation of radiant energy. 

We conclude, then, that the progressive cooling of the star leads to 
the formation of an absorbing’ envelope above its phtitosphere, by 
which the disproportion between the generation and loss of energy is 
reduced. But if, under the conditions at the epoch f... the amount of 
ent'i’gv actually radiated into space still exceeds what is produced bv 
contraction, the photosphere will move to n,, still nearer to the centre, 
and the (piantity of absorbing matter in the layer up,', will be further 
increased. Mow. although a.. <'mits the .same cpiantity of energy as did 
a., and at the former epochs, th(' total amount of radiation emerging 
into space must, at the epoch f be le.s.s than it was at t, and Thus 
the opacity of thi' cooled atmosplien' gradually increases as time goes 
on, and the total radiation of tht' .star becomes le.ss and less. Since no 
force is prc'sent to intc'rb'n' with the cooling of tlo' layers 'g. c, . . . , 
a moment must eventually be reached at which the photosphere at 
through reffection from all tlu' hiyt'fs 'above it. receives back so 
much of its radiation that its total expenditure of energy is exactly 
counterbalanced by the energy contributed by the contractile force.s. 

d’hi.s result appears to be of eminent importance, for it shows that 
evi'ii on a star with deticient contraction tht' exact compensation of the 
loss of energy may still be possible from ii certain layer downward. 
This state, so exceedingly important for iht' conser\ation of cnergv 
within the .star, is brought about by tht' progressivt' cooling of its 
superticial layers, which tht'relty inert'ase their jtower of absorjttion, 
and thus offer a mort' and more effective check to tht' radiation from 
the incandescent lavt'rs below. 

Here. imw. we are confrontt'd with a question which leads us at 
onct' to the principal ttbject of this int(uiry: fan the state of thermal 
etjuilibrium thus eventually attaint'd Ity the laver be permanent 1 
The answt'i- is clt'arly negative. For \\ hen has arrived at this state, 
none of the layers tq. n, . . . outside have reached the .same 
condition. Their cooling is Itound tt) go on. and consetpii'ntl v their 
ability to absorb and reffect the heat t'manating from the laver n,, must 
still furthi'r inci’east' even after tht' t'stablishment of tht'i inal t'tiuili- 
brium at n,,. But. owing to this inert'asing amount of rcHi'ction 
toward it. the layer will now di.ssip;it(' even less ('m'lgv than is 
r('(iuir('d foi’ the maintenance of thermal ei|uilibrium, and theia'fore 
must become overheated. It thus comes to pass that, whih' the func- 
tion of the absorbing envi'lopi' is that of reducing as much as possible 
the waste' of ein'rgy from tlu' photosplu'ric layers, it is. bv the very 
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nature of this process, compelled to ovei'do its work, and to presi'rve 
tinally too much energy within the star. 

Xow. by this gradual overheating of the inner huaus the \ ertical 
temperature-gradient must increase more and mon'. until it reaches a 
degree of steepness at which the permanence of a mechanical equilib- 
rium becomes impossibh'. Tn such a case' tht' ovcrheatc'd gastams 
matter will force its way outward and will break through the "cloak" 
of a])sorbing elements above it. Ihit the overheattal matter will not at 
once obey its molecular impulse to escape into higher le\ els. We 
must remember that there exists a powcu-ful systimi of convection cur- 
rents ])etween the interior and tlie surfa< (' of the sun. and that the 
overheated particles may for some time be SMe])t along tlu' paths of 
these (.‘urrents and may thus be forcibly detaiiu'd in levels inconsist('nt 
with their increased temperature, so that their state of ecpiilibrium is 
rendered unstable. Thi' will ])roduce a tension which increases in 
course of time until the upward tmidency of the ovc'iin'atc'd particles 
becomes strong enough to overcome tin* la'sistance of the currents. 
At such a critical moment oven a slight disturbance will be sufficient 
to induce the upward motion so long restraiiu'd. thus giving rise to a 
solar t'ruption. Iffie cause of a solar outburst is therefoi’i* to ])e found 
in the temporary existence of an excessively great \ ertical ti'inpera- 
ture-gradient caused by progressivt* cooling of the outt*r atnu'spheric 
layers and the ensuing overheating of the inin'r photospheric; layers. 

From this exceedingly simi)le principle we are able to deduce an 
analytical demonstration (jf the periodicity of solar phenomena, which 
explains all the characteristics of the sun-spot curve hitherto observed. 
Obviously, the problem consists in demonstiating the changes in the 
amount of outward radiation which are caused, on the one hand, by 
the increase of absorptive power of the atmosphere iii conseipience of 
its progressive cooling, and, on the other, by the reduction of absorp- 
tive power of this same atnu)sphere in conseipience of tin* "clarifying" 
action of eruptions which, bv breaking through the "veil." dinunish 
the number of cooled absorbing eh'inents at the localities of eiaiption. 

I shall not enter upon this part of my investigation in tht* present note 
bevond stating that it is a sim{)le api)licatit>n of Bouguei’-Lambei't's 
formula for the extinction of light and heat in an absorbing medium. 
The energv ~ of the radiation leaving the u])per limit of tin* atmos- 
phere is found by the ditterential ecpiation 


,W 




— o'/iS' = (». 


where i deuotc's the tinn* reckoned from the moment when the photo- 
sphei'ic la\ «‘r has attained its state of thermal e([uilibrium. and a 
and ft j-epresent constants, the foi'iner of which di'peuds on the rate of 
cooling of the atmosphere, the latter on the action of tin* eiaiptions. 
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The integral ef this e([iuiti()ii will thus give us the changes in the radiat- 
ing' ])ower (it the sun toward a point in the universe. Considering that 
the intensity of the (.lynaniical phenomena at the solar surface inii.st 
depend on the excess of energy ])re.served to the sun beyond what he 
reipiires for the maintenance of thermal eipiilibrium at we arrive at 
the following theoretical eipiation for the freuuencv of eruptions and 
spots: 

where ^1 is the period and 

A, ---■ — .Cr b ^/lo■- + a/i 
X , — — In' — “b 

It is readily seen that r starts from zero at the moment f = and that 
it reverts to zero at the moment t=/>. lietween these two moments /' 
attains a niaxitnum. and we find the time when this occurs fi'om the 
ecpuition. 


Now. it can be show n that the right-hand side of tliis enuation is 
under all conditions and this the more so the greater the 

dift'ert'iice between Ay and Hence we deduce b„<iT_/L' i. e. . the 

ascent from zero to the maximum nuist t-ake jilace in an interval of 
time shorter than half the period. This constitutes the first tlieoret- 
ical proof of the well-known propi'i'ty of the observed spot-curve that 
the ascent is steeper than the descent. 

To give some idea of the accuracy w ith w hich the abo\-e theorv can 
b(' made to represent the oliserved facts. 1 subjoin a plate (tig. 1) in 



, a J'fCccui cur, cs . cacCs Otser^-ed curt ci oFccbxr spotc(Sparer). 

which the spot-curve, resulting from theoretical eoiisideiations. is 
compared with Spi'irer's cur\e derived from observation. A full 
description of the method by which the theoretical curve has been 
obtained will be given in a paper shortly to be published as part of 
the tii'st volume of the .Vnnals of the Royal ( Hiscrvatory. Kdinbui'gh. 
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The theory iilso aeeounts siiti.sfaetorily for the existence of a •’great” 
period of solar plnaionieiia. d'his greater cvch' is hrouglit about liy 
the intlueuec' of tlie surface Huctuatioiis of teiupcraturc' dt'scrihed 
above ou the intensity of the conveetion currents wliieh regulate the 
interchange of heat between the interior and tin* surface. It is incon- 
ceivable that in a gaseous bodv like the sun, g’overned bv a gigantic 
convection, changes of teniptu’ature of parts of its mass can b(‘ con- 
fined merelv to the surface, lienee we must conclude that the distri- 
bution of temperature througliont a c()nsid<'ral)le jtart of the sun's 
bulk M ill be more or less atfoeted by the tluctuations of tenn)erature 
at the surface', and that, const'cpiently . the' intensity of the system of 
convection currt'iits. which d('[H'nd on this distribution of temperatun'. 
must undergo variations similar to those exhibited by the dynamical 
j)h('noinena at tin' surface'. Now tlie'se variations must re'ae-t oti the' 
development of eruptions and spots. If the eurre'iits are weak viz. 
if the triinsfe'i- of he'at from the inte'rior te> the' siirfae'e' is e’ennparatic e'lv 
small — the cooling eef the' atmeespliere' must proe eed lapidly. ami he'ne-e 
the develeipme'iit eef eruptions, cvhie'h are a diree-t ceeiise'eiuene-e' eef this 
process of cooling, must be' e'tie'rge'tic. At sm-h time's we' have', the're- 
fore. to expect solar e'Ve'les evith a potverful display of dynamie'al phe- 
luemena. If. een the' eetlu'f hand, the' e-urrents are- inte'iise' -viz. if the 
heat supply from the interieer is vigeereeus — the' rate eef atmospheric 
cooling will be' sniidl. and we* have' then tee e'xpe'e t e vch's with eenly a 
weak (h'veleepnu'nt eef surface pheneemena. 

Since' the epiantity er de'jeends on the> rate' eef cooling eef the atmos- 
phe'fic lave'fs. it w ill attain higli value's at time's w hen the sjeeet eh've'leep- 
ment is powerful, anel vice versa. Now. the greater o' the greater will 
be' the' elitl'ere'iie'e' be'twe'e'ie Ay anel anel. e-eensee jue'iltlv. the' e'arlier 

must the' time eef maximum, eeccur. Horu e the' peesitieen of tlm max- 
imum in the' speet pe'fieiil re'lativi'ly ter the' pi'eceding minimum must 
de'pe'iul een the' gre'ate'f or less vigeer eef speet elcve'leepnie'nt eluring the 
e-ych'. inasuuu'h as the' time' of maximum must be the' more' in advaime 
of the' ce'iite'r eef the' [ee'fieeel the' gi'eate'r the' elisplay eef the' elynamie al 
phenome'iia. This impeertant conclusieen. arrive'd at by purely tlu'eeret- 
ie-al e'eensieh'ratieeiis. is amply e-eerreebeerate'd by the' fae ts. I re'fer in 
this respe'ct tte a re'cent publieatieen eef Dr. W. Leee-kye'r. in w hie-h this 
pe'e uliai- shift eef the' maximum is peeinte'd eeut as a fe'ature eef the 
eebse'l've'el speet culWe"'. 

Preefesseer AVeelfe'r. ref Zurich, in the Nleenthly We'Uthe'r Re'vie'w of 
.April, liiod. has aPee re'ritie'el this jee'culiar the'eere'tieal re'siilt by a 
theei'eeugh dise'Ussieen eef the' sun-'peet eebservatieens freein 174i> to ihOl. 
■•()nl\- eene' re'^ult." Im says, •'whie-h Dr. Leee-kye'r has leremght eeut is 
certain, anel eene' which was also eiemeensti'ate'el by Dr. Halm.beeth freem 
the' eebse-rve'd fae-ts anel as a ceense-epii-ne-e' eef his ne'w theory eef the 
perioelicitv eef the- seelar plmneeme-na. namely. " ” that a maximum 
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follows a minimum quicker in proportion as the maximum is higher. 
* * " That the interval between minima and maxima depends inti- 

mately upon the intensity of development of the spots during that 
period would seem, therefon*. to ))e quite certain, according to Lock- 
3 ’er's and Halm's investigations." 

In this connection another inter<>sting conseciuence of the theorv 
ma}' ]je mentioned. The above expression for /■, as alreadv pointed 
out. shows that the theoretical spot-curve, after having passed 
through a maximum, returns to zero when t=p. At this moment the 
status (|uo ant(' appears to Ix' rt'established. inasmuch as the photo- 
spheric lavers. b}’ the assistance of atmospheric retlection, once more 
rt'ceive an exact compensation for their Joss of energy sustained Iw 
outward radiation. If tlie ojracitv of the al)sorption lar ers above the 
photosphi're coidd henceforth Ik' supposed to remain constant, a repe- 
tition of spot-activitv would Ix' impossible, lint since the cooling of 
these absorptive lavers. being the necessarv consecpicnce of deticient 
contraction, is bound to proceed, it must eventually load to a new 
se(pience of phenomena similar to those of the previous cvde. The 
principal condition for th(' initiation of a new spot cycle must there- 
fore be sought in the i'at(' of c<x)ling of the outer atmos])here at the 
moment of the reostaljlishment of thermal equilibrium in the photo- 
spht'i'ie layers. If the cooling proceeds i-apidlv the overheating of the 
inner lavers will be indicated by a comparative!}' earh' renascence of 
eruptive activity. If. on the contrary. th(“ cooling progi’ess('s slowlv 
a more considerable interval of time will elapse ))efore the state of 
unstable e({uilibriuni favorable to tin* foiauation of luuv eruptions 
and spots can make its appearanc(>. In the tirst case the minimum 
will be of short duration and the eweh's will follow each other in rapid 
succes.sion. whereas in the .second ea.se the minimum will appear pro- 
tracted and the distance between consecutive cvcles lengthened. In 
other words, the length of the period must depend on the rate of cool- 
ing of the atmospheric layers. Hence, from what has been said above, 
it must also vary with the intensity of spot development. Cvcles 
exhibiting cxce.ssive spot activitv must have h>ss extended minima 
and must therefore be of shortei- duration than others distinguished 
by a feeble display of dynamical activity. This consecpience of tin' 
theory. t(x), appears to Ix' conlirmed bv the observations. Thus the 

mean h'ligthof period of the cvcles 1 Tbti..') — 1775..a — 1784. 7 and lS;i3.!t 

lS4:l..">. during which the display (d‘ spots was far above the average. 
end)races not more than it.:f years, while tin' fe('bly devc'lopt'd cycles 
1784.7 — 17h8.;;— lsl(i.(i show a mean pi'riod of no h'ss than 13.0 vi'ars. 

Th(' object of this brief abstract Ix'ing meri'lv an I'xposition of tin' 
main principh's upon which I hav(' ventured to build a in'w solar 
theory. 1 shall not ('iiti'r iqx)n its various applications to tin' phenomena 
conin'cb'd with tin' p('ri(xlic changes in llu' display of forces at the 
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.suns surfilce. In this respect the theory will be submitted to an 
exhaustive test in my })a])ei' in the Annals. In one important point it 
involves a radical deviation from the views hitherto held. So far 
investigators have ahmjst unanimou.-'ly adhered to the tiaulitioiial view 
that an increase in the dynamical force.-^ at the sun's surface indicates 
at the same time an augmentation of his light and heat radiation into 
the universe. A theory founded on this assumption would Inn e to 
account not only for the extra ex[)enditure of forc(> into s])ace. but 
also for the simultaneous increa.sed development of force in the sun. 
But in the theory here propo.sed the exactlv opposite conclusion is 
arrived at. Here the force.s which we see acting on the sun ai e called 
into existenet' by the accumulation of such parts of his radiating em'rgy 
as have been prevented from being thrown oh into the univei'se. I’hus. 
a surplus of energy working on the sun means a deticit of (mergv com- 
municated to space. 

It will be important, then, to a.scertain how far this conclusion can 
be verified by observed facts. Modern rosearclu's seem, iiuh'ed. to 



corroborate this theoretical result. If the theory be true, the tem- 
perature of th(' solar layers inside the ab.sorbing atmosphme slu)uld be 
higher at the maxima than at the minima of solar activity, while the 
temperature of a body in space, which receives its heat from the sun, 
should vary inversely. In proof of the first conclusion I mav refer to 
Sir Aorman Lockyer's lacsults with regard to the behavior of the lines 
widened in the spectra of sun spot^. from which he infers that the 
matter com]K)sing the spots must l»e of higher tmuperature at the 
times of maxima. The second conclusion, on the other hand, is cor- 
roborated by all the more important re.searches w Inch haw recently 
been made regarding a connection between tin- changes of terrestrial 
temperature and solar activity. Of .sonn' of th(‘si> 1 subjoin the main 
results in tigure ' 2 . which exhibits the ob.served changes in the mean 
annual temperature at tropical and subtropical stations and tin' corre- 
sponding variations of solar activity. It will be seen that for the w lK)le 
period from iNitl until bSbS the tenipt'rature curve follows most accu- 
rately the fluctuations of the inverted spot cur\ e. thus so far proving 
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the validity of the seeoiul concliisioii, that space receives less heat at 
the inaxiiiia that at the iniiiinia of solar activity. 

The solar theory here advanced i> based on the assumption that the 
sun is a " coolinc'" star. viz. that his contractile forct' is not suthcient 
to compensate for his loss of energy by radiation. Now stron«' reasons 
can be adduced in favor of the assertion that th(' sun's mass must be 
mainly caseous. But it has l>een uryed by astronomei’s whose opinion 
on this point may claim earnest consideration, that, in accordance with 
a w('ll-known tln'orem lirst enunciated by Lane, the tem})eratnre of a 
g'aseous body should rise through shrinkage. The assumption here 
advocated would tliend'on' appear to be in o])i)osition to Lan(''s law. 
It must be borne in mind, however, that Lane's theorem supposc's the 
conditions of a pcu'fect ga'. Tin' qiu'stion then arises as to whether 
this perfect stati' can be a'-sumed to exist in tin' gaseous hulk of the 
celestial bodies. To make the (piestion ch'arly intelligible. I shall first 
hav(' to point out tlic main difh'renci' l)etw('en tin' so-ealh'd perfect 
gaseous state and the gaseous state as we actually observe it. On this 
point I ((note a few pa^sigt's from Profi'ssor .Vndr('ws‘s important 
tr('atis(' in the Philosophical 'I'ransactions for 1876. Pai’t II. pages 
448-44! •: 

1. In the ideal, cr, as it is (■oinniiinly calk'd, the perfect gaseeiis state matter would 
obey iinpliritly the e.xternal forces which act upon it. the volume Ix'ing always 
inversely as the forces cxtt'rnally applied la this state it would neithei' offer resist- 
ance to volume " nor, from the action of internal attractive forces, would it undergo 
a greater diminution of volume than that due t'l the external pres-nre. 

1 '. In the gaseous state, as ««' oh-ei\c it, then' are two di-tinct causes of internal 
disturbance whose results are directly o])posed, and. according to the nattire of the 
gas and the conditions of piessute and temperature, sometimes the one and some- 
times the other (iredoniinates. <)nc of these ilisturbances is dui' to the action of 
internal fiprces tending to produce a diminution of V(plume; the other is dne to 
molecular conditions jjrodnciiur a resistance to diminution of Milnmc other than that 
which occurs in a [icrfcct gas, 

W'c have. then, to con.sidt'f tlifcc jtossihh' conditions: Kithcf the 
gases in th(' sun lift' in thtit idt'al .sttitt' mentioned midef (1). whicli is 
chtiractcriz(_'d by the rigorous fulrilhncnt of B()yl(''s law: or (n) the 
niolecuh's attract ctich otlu'r ttiid tlit'i-t'liy ('iihaiicc the diminution of 
volume niider inert'asing pres'iirt'; or (4) the nioh'ctiles rt'pel t'lich 
other tind tht'rehy countt'ract tin' (liinimition of lolunie. Now. with 
regiird to the iittraclive niolectiliir forces, the rcst'archc' of Clausius, 
van dt'i' aais. and many otht'r jihysicists. ha\(' shown ctjnclusivel v 
that tlu'V diminish with inert'asing tt'iinicraturc. .Vt ordinary tt'in- 
peraturt's all tin' gast's. t'xccjit hydrogen, show a prt'jionth'rance 
of niolt'cular attiaction. If the tciniicralmt' is raist'tl. tin' nintnal 
attfiictivc influence ot tlic inoh'cnlt's hccomcs smallt'r. and tht' mas 

" r.y resistance t.i t htuiL’i' "1 lohimc is to be nndcrstooil a resistance from internal 
ransc- w hereby the n.is iimlcrgocs a 1,-^ diminution of volume unilcr iticrcascd pres- 
sure than wonlil occur in tlmcasc of an ideal uni- obeying Btpylc’s law. 
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;ipj)i'i):icli(‘s :i state in which attraction i- coiinteriialanced hy ie|)ul-.iv(' 
forc('s Ix'tweon tlu' molecule.'. WIkmi this state is reachetl the e'a'^ 
would appear to obey Boyle's hiw, })Ceause the molecular t'orci's. to 
which a deviation from the law is du(‘. neutralize' each otln'i-. Hut 
from tliis behavior of the gases at low temperatures wt' may not yet 
eonclude' that an aueiuentation of tempei-ature will more- and more 
approach tlu' gas to its ide'al state as a limiting condition, and that 
cousequently the incande'seent gases in the sun must be in the perfi'ct 
condition which was assunu'd by Lane when heelerived his remarkable 
law. Such a conclusion woidd take no account of the jjossibility of an 
increase in the rt'pulsivi' molecular forces with rising tempcratur(‘. 
d'hat indeed the perfect state is not the tinal state at which tin' gas 
arrives when its tempc'rature is raised is clearly shown in tin' casi' of 
hydrogen. 

The researches of 'Wroblewski have demonstrated that at vt'iw low 
tempc'ratures liydrog('n b('ha\ ('s lik(' the otlu'r gases, showing a jirc- 
ponderance of molecular attraction. Hut already at o Celsius the 
gas ('.xiiibits the predominating intluc!ic(' of r('])ulsi\(' forces, which 
beconn' more and more t)ronounced when the temperaturi' rises. In 
a yet un])td)lished paper I have investigated, for a number of gases. 
th(' behavior of tin' molecular forces with changing ti'nqx'rature. Hy 
a sinij)le moditication of the ecpiation of van der Waals J have suc- 
cc'etled in repri'senting the isotherTual cur\(‘s of these gas(‘s up to the 
highest pressures lutherto attainable (o.ooo atm.). The new ei|uation 
of state, which is in accordance with Clausius's e(|uation of the \ irial, 
cnabh's us to study tin' intlucnce of temperature on tin' att ractivi' and 
repulsivi' molecular foivcs. In all ca.s('s the attractive forces have 
Ix'en found to diminish v ith incrc:ising temperature, a result in 
accordance with the outcome of the researc lies of Clausius and van 
d('i' Waals. Hut the ri'pulsive forces. oi- to us<' Andri'Ws's ('.xpression; 
“The forces which tend to jinxluci' a resistance to diminution of vol- 
ume." a])p('ar to increasi' very I’apidly when the temperature is raisi'd. 
Tin' investigation h'ads to the conclusion that at tin' temperature of 
the sun the tireponderance of repulsivi' forces lietween the nn'lecules 
of the gases must be \ ery considerable. Hut it can be shown that 
under such conditions Lain''s law loses its validity, so that a celestial 
bodv. although gaseous, may shrink under loss of tcm|x‘i’ature. This 
would remove an objection to the .solar theory here advanci'cl. which 
othi'i’wise might bi' urg’cd on the ground of its being in opposition to 
a theorem hi'ld bv manv to constitute one of the fundami'iitid laws in 
the evolution of stars. 

.Vn obji'ction mav also be raised against the assum]ition that solar 
I'ruptions arc ri'al outbursts of matter into the higher regions ot the 
solar atmosphere. To manv astrojihysicists it ap]X'ars ditlicult to 
account for the I'normous vclix'ities e.xhibited by thi'se phenomena on 
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the assuiiiy^tion of their representing real displacement of matter. It 
has been urged that the ^pced with which matter can he thrown up 
can not exceed the velocity of sound, but that the maximum speed 
which can bt' reasonalily assigned to the propagation of sound in the 
incandescent gases at the sun's surface falls considerably short of the 
velocities observed in solar prominences. Here, however, we must 
again bear in mind that the computed velocities of sound which have 
been used as an argument against the eruption theory are based 
entirelv on Boyle's law. If repidsive molecular forces are taken into 
consideration, the velocity of sound aj)pears to be greater than in the 
ca.se of a perfect gas. In fact, it is then no longer possible to assign 
an upper limit to the velocity of the sound wave, and hence this argu- 
ment against the reality of tlie displacement of matter in solar erup- 
tions loses its force. 

As I shall demonstrate in my paper, a careful inve.stigation of the 
behavior of gases at such temperatures as we may obtain in our lab- 
oratories. points conclusively to the fact that at solar temperatures 
gaseous matter must be far from the ideal state to which Boyle's law 
refers. ^lany of our views, hitherto based on this law. may have to 
bo altered, but the changed aspect only removes serious difficulties 
without introducing others. I have found it advisable to add these 
few remarks on the state of gaseous matter in the sun to the original 
text of my investigation, as printed in Nature, February 18. 1902, in 
order to show briefly that the assumption upon which this solar theory 
mainl}' depends, viz. that our sun behnigs to the class of ••cooling"’ 
stars, is reconcilable with the gaseous constitution of his mass. 



AN EXPERIMP^NTAL INVESTIGATION OF THE PKESSERE 

OF LIGHT." 


By Peter IjEhedew. 


Kepler was j)rohal)ly the tirst (in Ihlh) to attrit)ute the foiTii of 
comets' tails to a repulsive force from the sun. and to <-.\plain this 
r(‘pulsion as the result of the pressure exerted in' the sun's rays on the 
matter in th(' tail. The same phenomenon also It-d Euler, in 174»;. 
to ascribe a pressure to the solar radiation, and in 17o4 He Mairan 
mad(‘ the tirst attempts to test thc'si' ideas expiu-imentally. but In' did 
nut obtain a positive result. 

A dual theoretical basis for tin* pressurt' of radiation was inde])end- 
ently and almost simultaneously given by Maxwell in ls7:5. as a con- 
seipience of the magnetic theoiw of light, and by Bartoli in lS7t!. as a 
consequence of the second law of thermodynamics. 

If a beam of parallel rays is normally incident on a plain' surface, 
till' amount of the Ma.xwell-Bartoli light-pressurt' j) is di'termined if 
we know the quantity of energy E received per second, the reflecting 
power p of the surfai'c. and the velocity e of light. For then 

when' /J varies bi'twt'eu o foi- an absolutely black surfaei' and 1 for a 
perfectly retlecting surface. 

This pri's^ure is very small; for .solar rays falling normally at the 
earth's distance upon a square meter, the pressure exerted is 0.4 mg. 
for a lilack surface and O.S mg. for a mirror. 

In the ('xperimental investigation of tlie j)ressure of light two large 
sources of disturbance arise, the one due to the well-known radiometric 
forces discovered by t'rooki's and the otln'r to convection in the 
residual gas. It is possible, however, to diminish these disturbing 
forces and to make theii’ eti'i'ct on the observations harmless, if the 
experiments are made with vt'i'v thin metal vanes and the exhaustion 
is carrii'd as far as possibh' bv using a mercury immp and condensing 
the iiK'rcurv \ apor liy fri'czing mi-xtures. 

" lieiirinteil, liy in-nuissioa. frniii The .tstn 'physical .Touriuil, .Tanuary, la02. 
Traii'lateil from an ab'tract cnmiiiaiiicated by the author, of his cxtemled paper in 
.Vnnalcti der I’hysik, VI, 4.')d— t.sS. IStOl. 
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Without entering- into the details of thi' experinientnl arrangements, 
the prineiple of the method emplo\'ed nun' lx- ])rietly ex 2 )lained as 
follows; A torsion thread hangs in a highly exhausted bell jar and 
carries a vertical glass rod. Thin disks of o nun. diaim-ter, of the 
metal to be investigated, are attached to this rod at a distance of 10 mm. 
from its axis. If the radiation from an arc lamp is concentrated on 
one of the disks the incident radiation will exert a [iressure upon it. 
and it will retire until the pre.ssure due to radiation is balanced by the 
torsion of the glass thread; the angle of torsion is measured by a 
mii-rorand scale as for a galvanometer. This o])servation permits the 
determination of the absolute magnitude of the pressure (in dvnes) if 
the directing force of the tor.sion thread is measured in absolute units 
l)y one of the well-known methods. 

In order to compare the observed pressui-c's with those computed, 
according to Maxwell and Bartoli. from the amount of energy incident 
and the reflecting power of the vane usi-d. tlie same beam of light was 
directed upon a circular aperture of exactly the same size as the 
vane, and the rays passing through W('r(‘ caught l)y a cjdorimeter. If 
we divide the quantity of energy incident per second, as measured by 
the calorimeter, by the velocity of light, we obtain the amount of 
pressurt' in dynes excM'ted }>y the light upon a perfectly absorbing 
body, according to iNIaxwell and Bartoli. 

The mea.surements which were made repeatedly and with difi'erent 
apparatus yielded accordingly the following i-esults: 


V.illr* llM-tl 


, ftunputod. 


Black phuinuiii {•luted 

Briirht {•hitinniii 

Bri^lic ulimiinuin . . . 
Briiflit nickel 


1.1 l.U 

IS 1 r, 

2 [J 1 .s 

11 II. 


For such complicated and ditlicult measureim-nts a better agree- 
ment betwc'cn ol.servations and coinputation can not be i-xpected. .V 
discussion of th(’ possible ei-rors of observation shows that tla-y are 
considerable, but that within the limits of eri'or the existence of tin- 
light pi-essure of IMaxwell and Bartoli are (piantitati\ ely eontirmed. 

This result is of importance to astrophysics as furnishing a mm h 
simpler (explanation of the !-epulsiv(> foi-ee of the sun than the luqx)- 
thetical ones of electrical chai-ges. A firm basis, amenai.h- to comjni- 
tation and assunxl by experiment, is thus given to the view exj.n-ssed 
by Kepler. 

I’liYsicAi. Institute. Jloxcir, A’ur, I'JUl. 



COMETS' TAII.S. THE ('OUOXA. AND THE AEIJOUA 

BOrvEALIS." 


Bv I’rof. .John Cox. 

JA iJ} L n>f't 


There is undeniable fascination ahont a tla'orv which inchuh'> within 
its sweep the tiine-hnnori'd prohleins of a-<trotioiny conni'ctc'd with 
comets' tails and the naison why tlayv point away from tlm --un: tin' 
solar jn’oniinences and the corona: the source of the liplit hy which 
the nehida* shine; the oriu'in and stimcture of niet('or -wariU'': and the 
aurora borealis: besides soh inw incid(mtally half a dozen minor out- 
standing mysteries of the heavens. 

Such a theoi'v has bt'cn adv anced by Swiahm's (rNtineubhed chemist 
and physicist. Svanti' .Crrlienius. in a pajxu- published in the Bhy-i- 
kalische Zeitschrift for November, ll>no. It^ main jtoints were briefly 
iiumtioiK'd with approval b\ mi h'ss an authority than Prof. d. .1. 
Thomson at the end of his captivating article on ” Bodies smaller than 
atoms" in the .-Vug-ust number of the Popular Science Monthly. All 
the physical ))rinci[)les on which .Vrrhenius relies, with one exee))tion. 
are cxplainetl at length in that article, and are now vei’v ecniually 
accepted. 'We may therefore say that tin* tlH'oi'v is lia'i'd on "vi'ra* 
causa'." and its accordance with known facts is so imjiressixm when 
the comparison i-' made in vh'tail that 1 venture to think the readeis 
of Profes'oi- 'rhoiiison's article will be interc'ti'd in a more complete 
statement of .Vrrlnmius's views than time permitted him to give. 

Let us begin by taking stock of the physical princi[)les already to 
hand. We know (Professor 'riioiuson'-. paper) that eorimsch's. about 
1. (too times smaller than hydrogen atoni'. and each bearing a ehargi' 
of negative electricitv. are discharged with high velocity: 

(1) From the negative eh'ctrode in a Crookes tube (cathode rays). 

(d) From hot bodies, such as glowing metals. 

(8) From cold UK'tal' under the inlluence of ultra-violet light. 

(-t) Erom the radio-active substance radium. 

Again we know that these corpuscles, or ions, in passing through a 
ga- produe(> other ions by collision with the molecules of the gas. and 
that tlu' negiitivtdv chargv'd ions are capable of serving as nuclei tor 
the condensation of ordinary matter. 

" Kt'visc'l liy tlie authcr fn>m article in I’ei>nlai Si ieiice 'VIentlily. .t.inu.ii y, I'.hil’. 

17 a 
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OOMETS' TAILS. 

Tho sinolc new principle introduced by Arrhenius arises in connec- 
tion with the prol)lein of comets’ tails." Astronomers have always felt 
that th(' jiln'iioiiiena exhibited by these strange objects could only be 
accounted for by making the sun the seat of a violent radial repulsive 
force, but were entirely at a loss to account for this repulsion. So long 
as light was supposed to consist of myriads of corpuscles discharged 
with a speed of lstt.0()(» miles per second, it was east', with Kepler, to 
ii'gard the corpuscles as carrying with them in their rush the materials 
vaporized from the comet by the heat of the sun. But the establish- 
nnmt of the wave thi'orv of light put an end to this idea. Thus 
Newcomb says (Popular Astronomy); "If light were an emission of 
material particles, as Nhnvton supposed it to be, this view would have 
some plausibility. But light is now conceived to consist of vibrations 
in a ethereal medium; and then' is no known w'ay in which they could 
exert any propelling force on matter!” 

Now. Arrh('nius points out that according to the electro-magnetic 
theory of light a ray of light does exert a pressure on any surface on 
which it impinges. Maxwell not only proved this in his original pub- 
lication of the theory in 1.S73, but showed how to calculate its value.* 
With the known constants of solar radiation ho found that sunlight at 
till' surface of tht' earth should exert a pre.ssure of 0.592 grams 
on every s([uare centimeter. 'Phis is too small a force to be detected, 
though it has been looked for.*' 

" This principle was first suggested a-^ an explanation of comets’ tails by P. Lebedew 
in 1891 ( Wied. Ann., 45, ji. 292), where it is pointei] out that Maxwell’s formula can 
oidy lie ajiplied strictly to a perfectly alisorbing black body who.“e dimensions are 
small compared with the wave length <jf the incident light. 

t Alaxwell's loriiiula was deduced on thermodynamical grounds by Bartoli (1876; 
.see also Kxner’s Kepert d. Pin's , 21, p. 198, 1,S85), Boltzmann (Wied. Ann., 22, pp. 
Ill, 291; and 21, p. 129, lss4), and (ialitzine (Wied. Ann., 47, p. 479). 

' ITitil the appearaiKC of Arrhenius’s papers (I’hys. Zeitschrift, Nov. 10 and 17, 
I'iCOl all attemiits to detect the pressure of light experimtuitally had failed, since the 
effect to be looked for had bi-en masked by- convection and radiometric effects of 
much greater magnitude in the high vacua employed. But immediately afterwards 
it wa- successfully iiicasiired by Lebedew I Drude, Ann., 6, p. 422, 1901) and bv E. F. 
Nichols and (1. F. Hull (Physical Review, Nov., 1901, p. 397), employing different 
methods, but in both i-ases reaching re.sults which accord with the calculated values 
within the limits of error of the observations. 

Arrhenius apjilied the fornmhe for comparatively large and jterfectly absorbing 
spheres to jiarticles ranging down to molecular dirnension.s which could not be 
regarded a.s absorbing. K. Schwarzschild (Miinch. Her.. 21, pji. 293-338, 1901), 
employing Spherical Harmonic Series, has given a complete mathematical discus- 
sion of the ptohlcm for jierfectly rellecting .spheres of any size. He finds that the 
]irt'-sure reaches a maximum when the diameter of the particle is one-third of a 
wave length, and then falls off rapidly; bnt that this maximum pres-ure (about 
is times the value of the solar gravitation) is all that is required for Arrhenius’s 
th(‘or\ . la tact, the ;igret-mcnt with tin' numbers quoted from Bredichin in the 
text, in ignorance of Sclnt arzschild’s analysis, is curiously exact. 
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But at the surface of the .sun the pres.Mirc would mount up to d.75 
milligrams per square centimeter. On the other hand, a (ad)ic centi- 
meter of water, which weighs 1 gram at the Mirface of the lairtli, 
would weigh 27.47 grams at the surface of the sun — i. (>.. the attrac- 
tion of the sun would draw it inward with about lo.ooo tinu-s the force 
with which the sun's light would tend to drive it awav. 

Very different is the case if. instead of a cubic centimeter. w(' con- 
sider a much smaller cube. The pressure on its base vould fall off' as 
the square of its edge, but the weight would diminish as the (ad)e. 
There must come a point at which the pre.ssure of the light would just 
balance the weight; and still smaller particles would Ix' drlvcm off' with 
a force greater than their weight. They would btdiave. in fact, as if 
gravity had become negative. 

For example, a cube of water measuring one- thousandth of a milli- 
meter (10'~* cm.) in the edge would weigh 'J7.47X In-i- gms. ; and the 
pressure of light on its base would be d.fbx lo-’X to-'. - g7..')X 
gms. — i. e., slightly more than its weight. 

In mea.suring wave lengths of light physici'.ts denote one-thousandth 
of a millimeter by the symbol /l The critical value of tlu' ('dge of a 
cube of water, i. e. , the value for which its weight is (>xactly neutralized 
b}' the pressure of light at the sun's surface, is thus approximately /(. 
For a .spherical drop the critical diameter may be calculated to be 1..") /< 
for water. For other sul).stance.s tiie critical value is inviu’sely ])ro])or- 
tional to the specific gravity. 

A similar effect of extreme ininutene.ss is familiar to us as the expla- 
nation of the long time required by very small particles to settle 
through the atmosphere, amounting to many months in the case of 
the finely-divided dust thrown up during the ei uptions of Ivrakatoa; 
but the re.sistauee to suspended dust partich's can never (‘xeeed their 
weight, since it is only called forth by the motion produced by the 
W’eight itself. The pressure, of light now considered may enormously 
exceed the weight, provided the jiartieles are small enough. 

From the motions, and e.specially the curvature, of comets' fails the 
magnitude of the repulsive forces to which they are subject may be 
calculated. Thus Bredichin finds in four instani'cs that the repulsion 
must have been about 18.5, 3.2, 2, and 1.5 times the sun's gravitational 
attraction. Now, the vajiors emitted by comet'' are largely hydro- 
carbons of specific gravity about (>.8. To account for these repulsions 
on Arrhenius's principle the drops nni.st have had diameters of U.l /<, 
0.59 /<, 0.94 and 1.25 ;q respectively. In another case, where the 
tail curved toward the sun. Bredichin found the repulsion to be 0.3 
times gravity. This would indicate jiarticles of diameter 0 /(. Par- 
ticles of this order of magnitude, tmd far smaller, are familiar enough 
to us, especially in combustion and in the early stages of condensation. 

The theorv suggested is. then, as follows; .Vs the comet approaches 
the sun the intense heat causes a violent eruption of hydrocarbon 
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Viipoi'^ on the ■■'id' toward the •■'iin. d'ho liydrop'on Ixiils oft and the 
vapor.' coiiden'c into .'iimll drof).' of liydrociirhons with higher hoilino 
point', or nitiniately 'olid carhoii is thrown out. tinelv di\ ided as in 
an ordinary tiainr. 'I’Ih' larn’e.'t of th(>'e paitii lc' fall hack to the 
comet, or. if they arc not condensed till at a great distance from it. 
they form tail' tunu'd toward the sun. The snialh'r ar(> drii'cn rap- 
idly I'rom the 'un l)y the pressure of its light, with a speed depending- 
on their size, and form the ordinary tails pointing away from it. 
That parti<'l(‘s of diliei-(‘nt sizes should h(' formed from the same 
comet i' natural, since the comet is likely to he formed of heteroge- 
neous materials and tln-re niU't he gr(‘at \ariety in tin' circumstances 
of condensation. Thu' the comet of 1714 had no less than live tails of 
ditferent cur\ature. Occasionally the <-alculatcd repulsion on the 
same tail i' not found to follow exactl_\' the law of iht' inverse square 
of the distance- from the sun throughout its whole length. This puz- 
zling circumstance i' at oin-i- c.vplained if the partich-s should for any 
reason change their state of aggregation, and consocpieiitly their .size, 
during tln-ir headlong career. In the light of this theory tin- follow- 
ing passages will he found very suggesti\e. 

Herschel. Outlines of Astronomy (p. 37<i): 

•• It is for the most part after thus p-.issing the sun that they shine 
forth in all their splendor, and that their tails acquii'e their greatest 
h'ligth and dcvcloiiuient, thus indicating ])lainly tin- action of the sun's 
rays as the e.xciting caus(‘ of that <‘Xtraordinary emanation." 

Again (ji. .“ititi); 

•"The tail of the great comet of lh8H immediately after its perihe- 
lion passage was found hy N(‘Wton to have hecn no less than :^o,uu(),000 
leagues in h-ngth and to have occu|)ied only two days in its emission 
fnnn the ccjun-t’s body — a di-ci'ive pro(jf this of its heing darted forth 
hv some acti\ t- forc('. tin- origin of w hich. to judge hy tin- dii't-ction of 
the tail, mu't hi- sought in the sun itself." 

Now. a particle with one-half the critical diametv-i- Avould in the 
course of tra\'cling fi’oiu the sun's surface to a distance i-(pial to his 
radius ac(juir(- a sjx-ed of -tku kilometers per second. ^Vith this 
vclocit_\- it would cross a spa(-c e(ptal to the diameter of tin- sun. 
Sti.7.0011 miles, in Ic" than an hour. In conn-ts’ tail' we prohahlv 
ha\ e to do with parti(-lc' Inn ing h-'s than onc-eiglitcenth of tin- crit- 
ical diaiin-tei'. .Such particic' would (-oxer tin- 'ann- distance in h-ss 
than four minutc'. With a foi-(-(- many thin-' the sun's attrai-tion 
driving them into spaci-. tln-y woidd make little of ho.i )()(».()()() leagues 
in two days; wherea.s if this were to In- accomplished agaiii't e-i-avitv 
tin- velocity of projection n‘(piired might well staggi-r the astronomci’.s. 

Kcferring to Halley'' <-oinet. Ilei-'i-hel savs (p. MS]): 

■•On the hd of Octolier (the very d;iy of the (irst ohserv(-d com- 
nn-ncement of the tail) tin- mn-leus. which had hcen faint and small, 
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vras o])sprv(*d .suddenly to have hpcoiiic imtili brighter and to be in 
tlie art of throwing- out a jet or stream of light from its anterior part, 
or that turned towanl tin- sun. 'I'his ejeetion. after ceasing a while, was 
resumed, and with much greater apparent violence, on the tsth. and 
continued with occasional inti'rmittimces so long us the tail itself con- 
tinued visible. "■ * The.se jets, tliongh vei-y lu'ight at their 

])oint of emanation from the nucleus, faded rapidly awav. and became 
diffused as they ('Xjianded into the coma, at tlie same time curving 
backward as streams of steam or smoke would do if tlirown out from 
narrow' orifices more or less oblhjuely in opposition to a powerful 
wind, against wliich they were unabh' to make way. and ultimately 
yielding to its force, so as to be drifted bai k and confounded in a 
vaporous train, following the g-eneral direction of the current. 

“It seems impossible to avoid the following con<-lusions: First. 
That the matter of tiie nucleus of a comet is powerfully excited and 
dilated into a va])orous state by the action of the sun's rays, escaping 
in streams and jets at thos(> points of the surfaci' which oppose the 
least resistance. Second. That this process chii'tfy takes place in that 
portion of the nueleus which is turned toward the sun. the vapor 
escaping chiefly in that direction. Third. That when st) imiitted it 
is prevented from ])roceeding in the direction originally impressc'd on 
it by some force dir('cted from the sun drifting it back and carrying 
it out to vast distances behind the nucleus, forming the tail. Fourth. 
That this force, whatever its nature, acts unequally on the materials 
of the coimd. Fifth. That the force thus acting on thi' materials of 
the tail can not possil>ly be identical with the ordinary gi-avitation of 
matter, being centrifugal or re])ulsive. as respects the sun. and of an 
energy \er\- far exceeding the gravitating force toward that lumi- 
nary. This will fie e\ ident if w(‘ consider the enormous velocity with 
which th(‘ matter of the tail is carried backward, in opposition both 
to the motion w hich it had as j)art of the nucleus and to that which it 
acquired in the act of emission." 

.\gain. desci-ibing the long, straight tail of the great comet of lS-f8, 
from which a lateral tail, nearly twice the length of tin' regular one. 
was shot forth in a single ilav. Herschel says; 

■'d'he projection iif this ray. which was not .seen either before or 
after the day in (juestion. to so enormous a length (nearly fun ) in a 
single dav conveys an impn'ssion of the intensity of the forces acting 
to produce such a velocity of material transfer through space, such as 
no other natural ]rhenomenon is cajiable of exciting. It is clear that 
if wt' hav(' to deal lu-re with matter, such as we conceive it, viz., 
possessing inertia, at all. it must be under the dominion of forces 
incomparably more energetic than gravitation and (juite of a ditferent 
naturt'." 

And tinally (p. 40 ( 1 ): 

riu'ie is lit'vond (pu'stion some ju-ofound secret and nu'sterv of 
natuie concerned in tlie phenomenon of their tails. Jn no respect is 
the ((uestion as to tlie inatei-iality of the tail more forcibly pressed on 
us for consiileration than in that of the enormous sweep which it makes 
I'ound the sun in perihelio. in the manner of a straight and rigid rod. 
in detiance of the law of gravitation, nay, even of the received laws of 
motion, extending (as we have seen in the comets of 1680 and 1843) 
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from near the sun's surface to the earth'.s orbit, yet whirled rouud 
un))roken. in the latter ca.se throug"h an an<,de of 180 in little more 
than two hours. It seems utterly incredible that in such a case it is 
one and the same material object which is thus brandished. If there 
could be conceived such a thing as a negative shadow, a momentary 
impression made upon the luminiferous ether behind the comet, this 
would represent in some degree the conception such a phenomenon 
irresistibly calls up. But thi.s is not all. Even such an ('xtraordinary 
excitement of the ether, conceive it as we will, will afford no account 
of the projection of lateral streamei-s; of the effusion of light fi'om the 
nucleus of a comet toward the sun, and of its subsequent rejection: 
of the irregular and capricious mode in which that effusion has been 
seen to take place." 

These passages give a vivid picture of the utter puzzledom of 
astronomers over difticidties which arise from precisely those plie- 
nomena which tit most naturally into the theory of Arrhenius. 

THE PROMINENCES AND THE CORONA. 

At the moment when the sun'.s disc is obscured in a total eclip.se 
enonnous rod flames, .sometimes curving ovc'r toward the sun and 
sometimes floating tike clouds at heights up to T.bOOit miles above his 
sui-face, are seen projecting over the region of sunspots, where the 
sun'.s erupti\ e activity is greatest; and silvery streamers M’ith a radial 
structure form a lens-shaped envelope about the same region, often 
extending to a distance of .several times the sun's )-adius. These are 
known as the prominences and the corona. 

The sun must itself project vapors into spa<-e. AVhen these con- 
dense. the drops will, if larger than the critical size, fall ))ack to the 
.sun, giving rise to tin* curved prominences: and if smaller, thev will 
be driven ott' into space*, and l»e seen as the streamers of the corona. 
Since the eruptions will not always be perpendicular to the sun's sur- 
face, the prominences will often exhibit parabolic curves, and the 
streamers may not always be strictly radial, though the gnuter part 
of thi.s effect is to tie attriluited to the foreshortening under which 
.some of them are viewed from the earth. 

Those particles which have approximately the critical diameter will 
float as clouds, sustained ))y the j)re.ssure of liglit. This point is 
specially intere.>ting. since it has l>een diflicult to account for the main 
tenance of the cloudlike i)rominence.s without assuming tin* existence 
of a considerai)]e atmo.sphere about the sun. Yet the comet of 1844 
described eOD.OOO miles within a distance of less than one-third of the 
sun's radiu.s from his surface with a vi'locity of 4.10 miles per second, 
and came out ivithout having sufferedany visible damage or retardation. 

The corona has ))eeji as great a stiimbling-block to astronomers as 
the comet's tail. Thus New'comb (Popular Astronomy, p. gtlg) says; 

"The corona is not a ma.s.s of foggy or milkv light, but has a hairv 

structure like long tutts of flax. ^ ^ * Of this appendage we may 
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say with eontidence that it can not bo an atmosphere, that is. a con- 
tinuou.s mas.s of elastic “as indd up iiy its own olasticiti". “ * 

What, then, is the coronal Probalily detached particles partially or 
wholly vaporized by the intense heat to which they are exposed. " * * 
The difficult (piestion which we meet is. Flow are these ])articles held 
up^ To this (piestion only conjectural replies can bi' eivcn." 

Three conjectures an' then mentioned, of which we may iiot(' the first: 

"That the matter of the corona is in what we may call a stati' of 
projection, beino constantly thrown up by the sun. while each particle 
thus proji'cted falls down ayain aci-ordine- to tlu' law of gravitation. 
The difficulty we encounter here is that we must suppose velocities of 
projection I'isinw as hieh as -JOO mih's per secoml constantly maintained 
in every region of the solar g’lobe. 

"The prominences are of two classes — the clouddike and the erup- 
tive. The first class presi'nts the apjiearanee of clouds hoatine- in an 
atmosphere: but as no atmosphere dense enough to sustain anythin^ 
can possibly exist there, we rind the same difficulty in accounting for 
them that we do in accounting for the suspension of tin' matti'r of the 
corona." 

Pi’ofessor Youno' is frankly despairing: 

“Ido not know what to mak(‘ of the corona. "■ * lly what 

forces the peculiar radiated structure of the eoi'ona is determined 1 
have lur deriniti' idea. 'I'hi' analogies of ciiiints' fails a ml aararal 
strecnutrs both appear suggestive; but on the otlu'r hand, the spectra 
of the corona, the aurora borealis, the comets, and the m-buhe are all 
ditfcrent. no two in the least alike. * "■ * Nor hai'e 1 any theoiy 

to projiose to account for the (v/'ho// <lisfiirl>aiic<s 

of till' solar sarfacr am! of' !< rrrsfrial imitin<tisin.' 

The words we InuT underlined in this pji.ssage ha\ i' alinost a Sopho- 
clean irony to a reader aci[uainted with the further developmi'iits of 
Arrhenius's theory, to which we now turn. 

THE ZOniACAT. T.IOIIT AXD THE. CKOEXSEHEIX. 

Not only is the sun tin' sourc(' of thosi' eruptions of ordinary matter 
which form tin' prominences, but we hav(' ('very r('ason to bi' Ix'lii'vo 
that he must emit streams of (>l(‘ctrically charged corpusch's both 
directh', as a hot bodv. and indiri'ctly. since the electrical dischai'ges 
which, according to all tern'strial analogies, must accomjiany tlu' 
violent chemical actions going on near his surface, will, when they take 
place in the higher and rarer n'gions of his atmospla'ia', give rise to 
kathode' ravs, and these, in turn, to Ih'intgt'n rays. As I’rofessor 
Thomson says: "As a very hot metal ('inits these corpuscles, it does 
not seem an improbaiih' hypothi'-is that tlu'v are emitte'd by that I'erv 
hot body, the sun." 

Now the negatiw'lv charged coi-[)Usch's are jirei'ininently ritte'd to 
serve as nuclei for the condensation of tlu' ordinary matter. Hence 
tho.se iiartieles of tlu' latter which, having more' than the critical diiim- 
eter, fall back to the sun, will carry back a negative charge to him; while 
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tho>e wliicli hin t' le.^s than the eritieal diameter will carr\' a negative 
eharye off into spae('. On hoth counts the corona will la' left with a 
suiplus of positive chuiye. The same arguments hold for the vajjors 
eniitti'd liy the nucleus of a comet. Thus comets' tails shoidd consist 
of negatively charoed particles. 

L('t Us follow the carcMU' of the particles launclu'd into space. I'lnw 
proceed radially from the sun al>ove the regions of sun spots with 
ra})id!y increasing' speed, which, lioweviu', may be shown to approach 
a tinite limit at a distance of ai>out ten radii from the sun. If they 
(uicounter anotluu' body, such as the ('arth. they charge its outi'r atmos- 
])hei'e negatively, and when this charge reaches a certain value, it will 
begin to rejH'l tln'in. 'I'he oncoming I'ush will be deflected, and stream 
past the earth on each side in hyperbolic orbits. Far out in space they 
must sooner or latei' meet particles from otluu' bodies, and. if l)y col- 
lision or aggregation they inerease beyond the critical diameter, they 
will tirst lose spt'ed and then drift back with evcu' increasing velocity 
past the earth, directly toward the sun. The space immediately behind 
the earth would !h> screened l)y her. and so be void of j)articles. Could 
we take our stand on the moon, wo shtmld thus see the earth attended 
))y a faint double tail with a dark di\ iding line (so conspicuous a fea- 
ture' in comets), iuunediatt'ly behind it. pointing from the sun; and a 
similar, though j)erhaps faiiitei-. tail, jminting toward him. Xot only 
so. but the earth helps to form her own tail. For when the negative 
charge in the upper atmosphere is high enc>ugh. discharges are brought 
about by the powerful ultra- violet radiation from the sun. and parti- 
cles are driven <jtf radially from the ('arth on the side turned toward the 
sun. only to lx' drifted back with the other str(‘ams into the tail. The 
etlect will Ik' as if a sheaf of light proj('cted from her toward the sun. 

Compar(' with this the description of the zodiacal light (MewcomI), 
I’ojailar .Vstronomy. j). -fbi): 

"This object c(msistsof a very scjft faint column of light, wliicli mav 
be seen rising from the westei'ii horizon after twiligiit on an\’ ch'aV 
wint('r or spring evening; it may also be seen rising from the (^astern 
horizon just befon' daybrt'ak in the summer or autumn. It really 
('.xti'nds out on each side of the sun, and lies nearly in tlu' ))lane of the 

ecliidic. '■ Near tin' (Jijuator. where tlu' (^'cliptic always rises 
high ab()\(' the horizon, tin' light can be seen about ('(piallv well all 

the year round. It is dm' to a lens-shaped appi'udagc' of 

some sort sui roundiiig tin' siin. and ('.xtending out a litth' In'voini the 
earth's orbit. 

"The nature of the substance from which this light emanates is 
('iitirely uiduiown. '• " " ITob'ssor W'right. of Yah- t’ollegc'. linds 

its spectrum to be e(jntimions. Accepting this, we should he led to 
the conclusion that tin' phenomenon in (piestion is din' to rcHected sun- 
light. probalily from an immense cloud of meteorites, tilling uj) the 
spac(* between the earth and the sun.” ^ 
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The dithi'iilty in this view i^^ that tlu' oriiits of '^uch .s\\anH-' of 
meteorites us aiu' known to are distrilnitf'd iri’('oularl\ vith regard 
to the eeliptic. On the othei- hand, AiT-heniu>''; stieanis of particle--, 
when neai' enough to )>(' visihlt-. necessarily li(‘ in oi- iieai' tlu- ecliptic, 
as required by oi>servation. More than this, the j)artiele'- lanitted by 
the earth herself should ))e most abundant ovt-r those regions vhich 
have been exposed for many hours to the sun. Now it has been 
observed tiuit the zodiacal light is stronger on what Arrluniius calls the 
"‘evening side" of the earth (i. e.. that sidi' which is in tlic act of 
turning away from the sun. and l>as tin' sim in the ncst) tlian on the 
‘‘morning side." 

Even at night, when thi' sun is below the horizon, faint reflections 
should I'each us from the streamers ))ehind the earth, and by an etlect 
of per.sp ctive, thesi' shoidd have a maxinuiiu in the point opposit(' to 
the sun, where they will ajipi'ar most (h'use. Let Profi's-or N'ewcoinl) 
describe the Gegenschein: 

‘‘Another mysterious phenomenon associated with the zodiacal light 
is known by its German appt'llation. tin* G('g('nschein. It is said tliat 
in that point of the heavens diri'ctly opposite the sun thei’c is an ellip- 
tical patch of light, a few degrees in exti'iit of such extreme faintness 
that it can he seen oidy hy the most sensitive <'yes. \imlerthe best con- 
ditions. and through the clearest atmosphere. 'J’his phenomenon seein.s 
so diriicidt to account for that its existence is soun'times don))ti'd; yet 
the testimony in its faior is difficult to set a-ifle." 

IIow is it that tlu' mooti does not <'xhibit such tails ^ d'hi' moon has 
no atmosphere, .so that the pui'ticle.s which reach her gi\'i' uj) their nega- 
tive chargt' to her diivctly. and it spreads (‘(jually all ovc'r her surface. 
When in turn she herself discharges the particles, it will be uniformly 
in all directions, and she should ap})ear surrounded with a uniform 
sheath. Possibly this slieath of cosiuical dust affords the reason that 
in a lunar eclipse the shadow of the earth can he traced a short distance 
beyond the limb of the moon on each side. 

THE Al'UOH.V IK )|:KA1 ,Is. 

Perhaps the most iiitc'rcsting application of Arrhenius's thi'orv is his 
explanation of the Aurora. Jii a well-known experiment the stri'aius 
of iH'gativt' p;irticles foniiiug cathode rays in a Grookcs tube are 
exposed to a magnetic ticld. when thi'v art' st't'ii to describe helices 
round tin' lint's of force. If tht' ticld is powcrftil I'liough they ittay 
thus he Itent iitto a eotnplete circle iitside a ttiodcrateiy large Iitht'. 

Now the itegatix’e partitdcs dischargeil from the sttii tirrive most 
thicklv over the equatorial regioits of the e;trth. which :trt' mo't 
directlv cxitosed to him. Lttng Iteforo tht'v rcitcli any atmosjdtere 
dense enough tt) excite Ituniiie.sceiice. they :trt' cauglit hy the lines of 
forei' of the earth's magnetic lield. which arc horizontal over the etpta- 
tor, and have to follow tlietii. wittditig rotitid thent in lichees whose 
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riulii are nnuh loss than thoir hoight above us that the effect to a 
beholder on the earth as if they moved alone the lines of force. 
Over the equator there little luminescence, for lack of atmosphere. 
But as th(‘ lines of force trai cl north and south they dip downward, 
makine for the maenetic poles, over which they stand vertical. Soon 
th(' })articl(>s ffnd themselves in lower layers of the atmosphere, com- 
parable in density with our highest artiffcial vacua, and liegin to giv'e 
out the dartinu' and shifting lights of the cathode ray. But this can 
onlv be at the cost of absorption, and by the time the denser layers of 
air are reached their energy is exhausted. Hence the dark circles 
round the magnetic poles from which, as from behind a curtain, the 
leaping pillars of the Aurora rise. From this point of view it is sig- 
nificant that Dr. Adam Paulsen, who has made a special study of the 
northern lights, found so manv points of correspondence between 
them and cathode rays that in 1894 he was led to regard the aurora 
as a special case of the latter, though unable to give anv account of 
their origin in the upper atmosphei’e, such as is supplied by Arrhenius’s 
tlu'ory. 

The most obvious test to which we can subject such a theory is to 
ask from it some explanation of the very remarkable periodic varia- 
tions in the frecpiency of aurorae Jf they are caused by streams of 
particles ejected from the sun, there should be some connection 
between the changes in the sun's activity, as indicated by the number 
of sun spots, and the number of aurone obsei'ved. .\gain, since a 
negative charge in motion is (])ace M. Cremieux) ecjuivalent to a nega- 
tive current, the passage of electrified particles through the upper 
atmosphere should affect magnetic instruments on the earth. Sun 
spots, aurora', magnetic storms should therefore vary together. 

It has long been knOAvn empirically that they do agree in a general 
wav. .Vrrheiuus's discussion of the mass of statistics of observed 
aurone forms so striking an example of the “Method of concomitant 
variatimis" that at the risk of weaiu ing th<‘ reader we shall give it in 
some detail. 

1. S/o/r ,v, ciilitr jx i'iikI.'i. — {<() Both sun spots and aurora' show marked 
maxima at the middle of the eighteenth and the end of the nineteenth 
centuries. 

(//) Sun spots, aurora', and niag-netic storms go through a simul- 
taneous increa>e and decrease in the well-known period of 11.1 vears. 

The source of these slow variations must be looked for in the little 
understood \ ariations of the sun's actii itv. 

Aiiiiiiiil jh-rJud . — The number of aurora* is greatest in March and 
September, and least in dune and December; and the mean frequency 
for both hemispheres is .-omewhat less in dune than in December. 

Now the sun s activity, as indicated by the number of sun spots, is a 
minimum at his equator, the spots occurring principally' in belts about 
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15^ north and south of his equator. .Since the streams of parti<-le.s 
issue radially from the sun. the earth will he most exposed to them 
when .she is most nearly ojiposite theacthx' belts. But the earth stand.s 
opposite the sun's equator on June 4 and December h. and is at her 
farthest north and south of it (T ), i. e.. most nearly opposite the sun- 
spot belts, on March 5 and on September 8. Moreover, she is some- 
what nearer to the sun in December than in June. 

As between the two hemispheres, the same conditions apph' as those 
which regulate th(' seasons, viz, altitude of the sun above the horizon, 
and length of time during which he remaitis above it daily. *\.ui'orie 
should therefore )k' more frequent in summer than iji winter, a result 
which is verified by the records. And just as the highest daily tem- 
perature occurs from two to three hours after midday, so we ought to 
find a daily maximum of aurora' about 8 p. m. It is not possible to 
verify this directly, since aurora* arc not visible in daylight. But 
Arrhenius remarks (1) that the majority of them occur before mid- 
night and not after it. which is so far in gi'uerai agreement with the 
theory; (2) that Carlheim GyllenskioId. disi’Ussing the obsi>rvations 
made at Cape Thordsen in .Spitzln'rgcn during tin* winter of l.sso-s.q, 
with a view to correcting the niunbers recorded for the eli'ect of day- 
light in concealing them, di'duees a probable maximum for tin* numlx'r 
actually occurring at 2.4o j). m. 

But though wo can not ob.serve aurora* in daylight wi* are not with- 
out resource, for e\ en wlu*n invisible they giv(* notice of their j)r('senc(* 
by disturbing the ordinary course of the records photographically taken 
in our magnetic ob.servatories. In l.SDD 4'an Bi*mmel(*n discuss('d the 
records of such magnetic storms taken in Batavia. He found that th(*y 
show maxima in March and S<'pt<*mber. minim:i in Ja/mary and June, 
and a dailv maximum at 3 p. m.. and minimum at 1 a. m. 

3. Monthly — It is only recently (bSOS) that the collection 

of statistics of aurone pul)lished by Eckholm and Arrheniu- has 
brought to light two curious monthly variations in their number. 

One of these, with a variation of A* p(*r cent on each side of the 
mean, depends on the revolution of tin* moon in her oi bit. showing in 
the north(*rn hemispheia* a maximum wh<*n the moon is fai'thest south 
of the e([uator. a ininiuumi when she is farthest north: and l iee \ (*rsa 
for the southern hemisph(*re. 

The explanation appeal’s highly ingt'iiious. It is as follows: 'fhe 
moon, being unprotected by an atmosphere, i' charged by the streams 
of particles that reach h(*i’ much as the outei’ layers of our own atmos- 
phere are charged, and therefore, as we liave good reason to bt*lie\ (*. to 
a far higlu'r m'gativc* potential than is obst*rved at the surface of the 
earth. If so, she will s(*riously atiect the number of aurora* at any 
place over w’hich sin* stands, by low(*ring the potential gradient, and 
thus reducing' tin* nnmberof in*gativ(* discharg'<*s in the highest regions 
of our atmosphere. 
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The other variation of .some 1<> per vent each way ha.s a period of 
(lay-, aiul afleet.-; both lieinispheres alike. At first .sight it is 
natural to refer this to the synodical time of revolution of the sun on 
hi.s axis as determined by observations of sun spots. But this is 27.3 
days. Kenieniberino- that the earth ne\'er departs more than 7' from 
the sun's (‘(juator. we should rather take the time of revolution of the 
(Mjuatorial belt for comparison. As estimated by the motion of the 
faeuliv. this is 2ti.oti days, the equator moving- faster than the sun-spot 
belts, and probably the time of revolution of the outermost layers, 
from which tlu' particles stream, is yet a little shorter. The agreement 
with the period of the aurora (•25.!>3 days) would thus be within the 
limits of error of tin' obsm-vations. 

ATM< )sril K.IilC EI.ECTUICITY. 

Let US now trace the effect (jf the aurotae on the earth'.s atmosphere. 
If they are navlly cathode rays on a grand scale, they must ionize the 
air: the negative ions will form centers for condensation, and sinking 
to the earth by gravitation, will charge it negatively, leaving the layers 
at moderate heights positively charged. This agrees with the results 
of recimt obsi'rvations nnuh' from balloons up to heights of 3.000 
meters. 

Sinc(' condensation will (h'pmid on tin' number of ions availubh' for 
nuchd. we have at once an ('xj)lanation of the curious fact that cloud 
formation in tin' upper atmosi)here is more co))ious in years of freejuent 
aurora’ than when they occur rarely. In this connection another odd 
coincidence may be mentioned. When sun spots are numerous .Tu])iter 
shines with a wliite light; when they are few his light has a reddish 
tinge. Xow. it is agree<l that Jupiter is still at a high temperature. 
If. therebjre. sun spots cause aurora’ on Jupiter, and consequent cloud 
foi’iiiation. w(’ must s(>e less of tin* ln'at(>d inte?’ior in sun-spot wars 
than we do when his cloud laviu’s are not .so ojaufue. 

In I snn I’on I’x’zold showi’d that the daily \ aviation of the compa.s.s 
ov(’r till’ (’arth's surface could be simjily repi’esented as follows; 
Imagine two points, one in latituih* To N.. and one in 4b S.. to mo\e 
round with tin' sun. Then it is as if the north I’lid of tlu’ compass 
nei’dh’ wi’ri’ attracti’d toward the nortln’rly point and the .south end 
toward th(’ southi’rly. Bemembering that the air inimediat(‘lv above 
till' (’arth has a positive (’barge, we s(‘(' that this efi'ect would follow by 
,Vnip('’r(‘'s ruh’. if the sun's h(’at caused two air whirls, oni' in the 
nortln’rn and oni’ in the southi’rii In’inispln’n’. over the place’s of higln’.st 
ti’inpi’ratun’. tlu’ formi’i’ rotating count(’r-ch>ckwis('. the latter (’lock- 
wise. Such whirls would result from tin' sucking in of curri'iits fi’om 
the slowi’i’-moving north hititudes and the faster-moving south lati- 
tudes toward till’ nii’an latitude of To . in the nortln’rn h(’misph(’r(', 
and similarly for the .soutln’rn. If this be the true (’xplanation. then 
for a givi’ii fri’qiu’ncy of sim .,p„ts thi’ amplitude of the diurnal varia- 
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tion should increase by the same fraction of itself for all parts of the 
earth. TliU'. if is the amplitude at a tii\ eii place in a vcar of no 
sun spots, and A its value in a year for which Wolf's numb(>r express- 
ing- the rclativi' frequency of spots is f. wo ou^ht to find A--A 
(1+cd'). Now, the value of the coefficient a come> out o.nopp from 
whatevc]' part of tin' world tin' observiitions he lakc'ii from which it is 
calculated. 

METEOlilTES AM) NEIU I-.K. 

To the man of science this discussion of terrestrial details will 
probably be the most coin incino- pnrt of tlu' ('vidcnce adduo'd liv 
Arrhenius for his theory. Rut it is time to turn from it and follow 
with layniiin imaoination the destinies of tiiosi- partich's, by far the 
greatest number, which miss the earth ainl tin' jilain'ts niid launch 
forth into intersti'llar spao'. 

Many of them will meet similar streams ejected from other 'UUs. 
and. ot'crcomino- the mutual repidsion of their neg-ative charges bv tln-ir 
mig-htv velocities, will clash tog-ether, like Lucretius's atoms, and unite 
to form larger masses. Rut this aggregation mu't have an end. For 
if. in the void of space, they are unable to get rid of their electric 
charges, the potential of the growing mass must rapidlv inci’ea-'e. sinct* 
the charge increases as the cube of tlie radius. I)eing ])roportional to 
the total number of particles, whih' tlie capacity for holding electricity 
only increase.s as the radius itself. 'I'o put this in poptdar language, 
each jiarticle brings to the account tlu' whoh' chai'ge it can b(‘ar on its 
surface; but in the mass, since electricity dies to the surface, only the 
outer ])arts of those partich's which arc' actually in tin- surface c-an be 
useful in harboring thc‘ accumulating charge', and heiu-e the electric 
prc'ssure rix's. A hen it bc'comcs intenx' c'liough to prc'vent frc'-h 
particles from approaching, accretion will c'c'a'e. Spac e- will thus lie 
sown with imissc-s of moderate size-, formc-ci in-egularly. particle by 
particle, in spite c)f repulsive force's. These- aie- the- mete-orite-s which 
blaze fora moment in the- uppe-r air. or in rare- case-s re-ach the- e-arth 
to puzzle philosophe-rs with their poi-ous stnu-ture-. 

.Vnothe-r midtitiide of the pai-ticle-s will at last reae-h othe-r 'un-. 
F'or if in the-ir wandei'ings they have- unite-d with othe-rs till the-y are- 
be-vond the- criticid size-, they will be- drawn in. and rai'-e- the charge- of 
the- bodies the-y re-ach. till the-y in turn discharge- the-ir stre-ams into 
sjijice-. 

In the-sc we- se-e the ” gre-y houncL ” of tlie aby>s. e-ngaged in dis- 
tributing the- nnite-rials of the- universe-, fore-ve-r busied in a e'o.--mie' 
traffic b\- whose- exe-hangcs the- stellar hosts are- mad)- moie- and more 
alike- iti con-ritution. uhate-vci' max haxe- be-e-n their ditl'en-nci's in the 
beginnizig. 

heel' those- mx riads which are- fate-d to e-sca])e' all visible- suns, far out 
in the- " darning bounds of space- the- ne-buhe lie in wait, spi’e-ading 
spide-r-like the-ir impaljzable- we-bs ae-ross imme-a'iirable' breadths of sky. 
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comets’ tails, the corona, and the AURORA. 


Ever ^inc•e the spectroscope showed that main’ ncbuhe are gaseous, and 
vet shine hy their own light, two problems have v'excd the astronomers. 
How can thev be hot enough to send light to us. and yet be held 
togetlier against the expansive force of the lieated gas iiy the feeble 
gravitation which such inconceivably dili'use masses can exert at their 
liordersi If they are really at a temperature of not less than 5(nu C., 
so as to shine, or. indeed, if they are much above absolute zero, their 
own gravitation shonld not be able to prevent their speedy dissipation 
into space. 

Again, why do they show the spectroscojiic lines of so f(‘w gases, and 
those the lighter ones, such as hydrogen and helium ? 

According to Ari-hcnius. the nebnhe are cold, with the cold of empty 
space. Their light is due to the rain of negatii ely charged particles 
which, plunging into their outermost regions, give lise to electric 
discharges and make their gases shine as the gases in a vacuum tube. 
To this the intense cold is no bai'. for Stark has shown that the inten- 
sity of light excited in a vacuum tube is greater the lower the tem- 
perature at which the expm'iment is tried. And this proce.ss should 
take place at the surface of the neiuila. where the lighter gases would 
be found. th(> Inan ier settling inward. Hence the few lines found in 
the spectrum <d a nebula, and the comparati\ o brightness of the out- 
Iving piirts. cspcciidly to b(‘ observed in the plamdaiy anil the I'ing 
nebuhe. 

Such is Arrhenius's theory. It is too early, as yet. to pronounce 
any judgment upon it. but glancing back over the array of hitherto 
unt'xplained facts which fall into order, without forcing, at its touch, 
we must admit that it is at lea.st plausible. It springs from a .single 
principle', itself a necessary theoretical conseipience of the accepted 
electromagnetic tlieorv of light — viz. that light must exert a pressure 
which, in the case of sni.all partich's. may \ cry gi'catly exceed their 
weight. 15v means of this j^rinciplc in conjunction with recent r iews 
about the nature and propertii's of ions, which can all be I'xpei'inien- 
tally verified, this theory gives a rational exj)lanation of the astounding 
behavior of comets' tails; accounts for the '• hairy " structure of the 
corona; shows Us how tin; prominenct's can float where thi' existence 
of a sup[)orting atmosphen' is inadmissible; what is the origin of the 
zodiacal light and the (icgeuschein; of "the certain connection" 
between sun spots and magnetic storms; of the aurora, and why it is 
subject to such complicated periodical variations; why mi'teorites are 
])orous and limited in size; how the in'lnda- shine in the ab.solute cold 
of interstellar spaci'. and yet hang- togt'thej-; and why tlu'ir constitu- 
('nts appear to be so I'i'stricted, while the suns among which thev are 
sti’ewn give I'videnci' of most of tin' elements known on earth. 

A theory which sweeps the astronomical horizon of so nianv nivs 
teric' miut not only arouse oui- profound interest, but claim the 
respiM'tfnl consideration of men of science. 



-GOOD SKELNG. 


By S. P. I^AX(;i.Kv. 


K\ ( rvone wlio h:i> ;i teltscopc kiiosvs that otir atmosphere is 

forevt'i' ill puGatiiie- motion, and troii))liii<i' oiir \'i.sioii of the lii\-n'eii]\’ 
liodies. (hiriiio' the most eloudless day or nieht. so that otiservatorios 
an' put even on hinh niountaiiis. to oet rid of tlie disturlianei's in this 
atniosphi're, wliieli tend to mak«' the iinaj^e of every olijeet treninlous 
and indetinite. and to prevent what the astronomer terms " yood si'eine-." 

1 desire to speak to the academy alioiit a device which 1 have recently 
essayed for preventine- this iiniv(*rsally known and dreaded " hoiliiie " 
of the telescopic imae'i'. a difficulty whicii has existed always and I'very- 
whero since telescopes ha\ e lieen in use, and which has secnii'd so iiisur- 
mountahh' that I helii'V'e it has hardly cvi'r been thoiielit of as sidiject 
to correction. 

Hitherto it has been the endeavor of astronomers, so far as T know, 
to securi' a more tranquil ima.e-i' by keepiiie- the aii in the telescope 
tube, tlii'oueh which the rays pass, as ipiiot as possible, and for this 
purpose the walls of the tube have been iiiadi' nonconducting, and 
extreme jiaiiis have been taken not to set up curri'iits in the tube. 
Witli these precautions the " seeine- " is perhaps a little better (but 
vi'i’v little) than if none weri' used at all, th<> main difficulty havine been 
always found insurmountulile. 

I lan e bia'ii led for some years to consider the lamditions under which 
this "lioilinc ' presi-nts itself. It is not necessarily due to a hieh tem- 
pcraturi' of tlu' ('xternal air. for the most perfect detinition I have evi'r 
seen of any terrestrial object was olitained by nu' lone since in the 
Harvard t’olleei' ( fliservatorv at Gambridee. with its ereat equatorial 
teleseopi'. when, on the hottest day that I evc'r knew in a New Kneland 
summer. I directed it with a hieh power on the distant "south mark." 
which 1 exqiected to (ind almost indistineuishable from the " boiline.” 
I renieiiibi'r m\' extreme surprise when, under a niaenif cine- j)ower of 
oOo. I found till' iiiiaei' as still as the lines of an ('iieraviiie-. 'Hiis was 
an ('xtraordiiiarv exci'jition to ordinary experience, and led me to take 


"A (paper prcscntcil tpp tlie .National .Vca'li'iny of .S-ieiK-c', .\<p\eiii))ei IC. liior. 
sM I'.to'j 1;: in;! 
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GOOD SEEING. 


an interest in the subject. I have since pursued an inquiry to which 
this circuinstance first directed my attention, and I have done so at all 
altitudes, at one time residing on ..Etna for this purpose, noting that 
even on high inountiiins telescopic vision was so far from being alwai s 
clear that it was sometimes even much worse than at sea level. 

1 have since come to the important conclusion that while the ordinary 
“• boiling” is due to all the air between us and the sun or star through 
which the ra^’S pass, the greater portion of it is due to the air imme- 
diately near us,'probably within a few hundred yards or even feet 
from the telescope, and this has ted me to ask whether it was not pos- 
sible that some way to act upon this air could be found. Its nonuni- 
formity leads to deformations of the image too complex to analyze here, 
which are caused not only by lateral A'ibrations of the cone of rai s but 
by its elongation and conti’action. 

For this purpose I have, within the last few months, been making 
experiments at the Smithsonian Astrophysical Observatory; first with 
a horizontal tube having three successive walls with air spaces between, 
which was intended to gi\ e the maximum security which freedom from 
changes of temperature could afford. This observatory, being princi- 
pally concerned with rays best studied in an image formed l>y reflection, 
has no larg’e dioptric tele.seope, on which account these expciaments 
have been made with a reflector. I have no reason to suppose, how- 
ever, that they will not be equally successful with a dioptilc telescope. 

A large part of the "boiling" of the image is due to air without the 
tube, but a not unimportant pait to the air within it; and in the j)re- 
liminary experiments the air, kept still in the tub(‘ by treating it with 
the ordinary precautions, was found to hav(> little ctl'ect on the ordinary 
‘•boiling" of the image, which so seriously pi'ejudices the definition. 
An image-forming mirror, fed by a coelostat, was placed at the mid of 
this triple-walled tub<’, which wasitxdf slieltei-ed by a canvas tent and 
contained the stillest air of themost uniform tc'inperature which could 
be obtained. The ‘•boiling-” was but little diminished merely bv inclos- 
ing the beam by this tube, which was only what had been anticipated 
from the ordinary experience of all astronomers. 

The device which I had determined to try was one of a paradoxical 
character, for it proposed to substitute foi- this still air. which gav(' 
the usual trouliled image, agitated air which it nas hoped would give 
a still image." For the purpo.s(> of (his new experiment, the horizontal 
telescope using- a n>flector of 4 <> feet focus, fi'd by a coelostat through 
the above tube, was connected with a fan run by an electric motor, 
which was arrang-ed to draw out tlie air from the inner tube at the 
same time that it forced air in at different points in its length, so as to 

'' 1 may menfion here that iny laiiiente«l iVienil, flenrv ( '. J)raper, ttnee sinewed me 
that a^Mtatimr the (■oiiteiit>. of a luHulphidf of pri-./ti improvt'd its definition. 
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Experiments on Artificial Good Seeing, Smithsonian Astrophysical 
Observatory 
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thus \ iolenti y disturl) iuhI cluirti thu air tiluiii;’ ull tin’ path uf tlic la'ain 
from the coelostat to tlie solar iiiiaj^e. 

This first experiment u-ratifvino'ly reduced the ■'hoilino " and ])!•()- 
dueed an iitcontc'stihly stiller imaye than when still aii’ wa- used. As 
a further test, a series of artiheial tlouhle stars was now |)i'()\ ided. and 
the concave mirror, acting- both as collimator and objective, brought 
the images to focus, where they wer<‘ examini'd with an eye])iec(‘. 
^Vith the stillest ail' obtainable the images were not sharj). and onl\- 
the coarsest doubles were resolvable. Then tin' blower wa^ startl'd 
and the definition immediately Ix'came sharp, ^'iolently stirring (he 
air in the tube, then, eliminates all or imarly all the ‘-boiling" of the 
stellar image which arises within the tubi' itself when using ordinarv 
still air. 'I'his experiment concerned the air within tiir horizontal 
tube only. 

I have next taken uji the solar image formed by the mirror in the 
above tube. This is ch-arly impro\-('d iiy tlu' stirring. 1 ha\e also 
wished to try a tula' something- like a prolonged dew ca\i. but w hich is 
arranged to be inclined toward the smi. d'he air in both ran be 
stirred together, but experinu'iit has not yet gone far enough to 
demonstrate whether it has. as is hoped, any sujieriority commensu- 
rate with the special uu'chauical dilliculties involved. 

I am not prejiared to givt* ijuantitative I'stimates. which 1 hoja' to 
furnish later, but all ob-er\ers to whom I ha\e shown these early 
ri'sults on the sun have agreed, that if the "boiling" was not wholly 
cured, what remained was but a small fraction of tout obtained with 
still air. 1 have not completed these experiments, which 1 am -til!' 
pursuing- at tlu' observatory, but they seem to me to give [U'omise of 
ail improvement of univi'i-'ul interest to observ ei-s. which justified the 
making of this early announcement. 1 had ho})ed to have siniwn the 
Academv some photographs of the sim taken, tiist, in the ordinary 
wav. and again, with the churned air, but the condition both of the 
sun and of the sky id' late has prevented my obtaining them. 1 can. 
to mv regret, only give heri' a photograph of the images of the artili- 
cial double stars as si'cn through ordinarv conditions, as distinguished 
from thosi' lu'i'i' mentioned, of artiticial " good scniiig." 




ox THE RADIO- ACTIVITY OE MATTER. 


Uy Hexiu BKff^i EUEL. D. C. E.. I’h. D. 

Mt'inht‘1' t>J tin' .{rinlfnni nl Si'n nt > s, l*iiin<. 


The property pos^esseil hy iM'rtiiiii bodice of (‘inittini; itivisihh' uud 
penetrating rays was unknown six yeais ago. I’lie sjx'culations 
hronglit about by the expeilinents of M. Roentgen led to tlie I'xain- 
ination of material bodies tf) .see if any of them had ihe jaiwer of emit- 
ting similar radiations; tin* phenoTnenon of pliosjthori'set'iiee naturally 
was first thought of. la'ing a knowTi method foi' the traii'formatiDn 
and emission of energy. This idea, howeveig could not be applitul to 
the phenomena with which we are occupied. Init it wa' \('ry fruitful. 
It led to the choice, among phosphor(‘sceiit bodies, of the salts of 
uranium, of which tin* optical constitution is remarkable on account 
of the harmonic series of the bands of their alisorbtion and phos'phor- 
escent spectra. It was while exjuulnnuiting with these bodi(‘s in Is'.tt! 
that I first observed the new phenomena w hich 1 am aboiit to bring 
Ijefore you this evening. I ha\ i‘ here' the plates of the double sulphate 
of uranium and potassium. ol>taine(l by EipmaTiu's method, which I 
used for my first experiments. 

After having placed one of tht‘s(> plates on tlx' black })api‘r which 
covered a photographic plate, and lea\ ing it for several hours, I 
observed on developing tin' plate that the uranium salt had I'lnitted 
certain ai-tive rays, traversing the black ])a])i'r. as well as various 
screens interposed between the plate and the active l(odv. such as thin 
sheets of glass, ;duminum. copper, etc. 1 soon saw that this pht' 
nomenon had nothing to do with ])hosphoresenee. or with anv known 
method of excitation, such as luminous or t'h'etric rays, or anv appre- 
ciable variation of tempt'rature. 

1 had to deal, therefore, with a spontaneous phenoun'iion of :i new 
ordt'f. I'ln' absence of any known ('xciting eaus(' on a bodv prepared 

" A tliscdurse (U'livereil in I'n'iicli I'elure tlie iiieiiil>eis nl the Ueval Iii'titutidii, 
Lonildii, Frida.v, ilan-li 7, 1902. Iteprintt it, l>v |ieniii"idn. tUter levisidii of text liv 
Professor Beeciuerel, from translation in SeieiitiKe Auieiiean SiippU-nient. No. lo7!l. 
June 7. 1902. Illnstratidiis from original article in I’roceedinc' "f the Koval Institu- 
tion df tireat Britain. 
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ill the hihoratory .several vaairs aj'o. caused me to think that the phe- 
iiomeiion would have heeii the .same at any time it mi_i;ht have been 
observed; it should, therefore, be permanent, that is to say. there 
should not be any appreciable weakeniiig; after a very long time. This 
is, in fact, what 1 have proved during the past six ycairs. I will show 
you till' first proof 1 had of thi' spontaneity of the rays; these ravs have 
traversed the idack paper which covered the photographic plate, and 
a thin strip of copper in the form of a cross (tig. 1). Here, again, is 
the radiograph, made about the same time, of an aluminum medal, 
tig. d; the une([ual absorption of the different thicknPssc's has caused 
the appearance of the etlig}' tlnu'emi. After the very first observation 
1 observed that the new radiations woukl disidiarge electrified bodies 
at some distance in the air. a phenomenon which gii es us a second 
method for studying thes(> rays; the photograjihic method is s])eciallv 
tpialitativ ('. while the electronader furnishc's numerical elements of 
comparison. 

In the course of thest' first ol)scrvatiuns. i was letl iiway from the 
path toward which later experiments brought me back l)y .sevtu'al facts, 
of which the following is tin' principal; Having jtrotected a photo- 
grajihic plate by means of a sheid of aluminum d mm. in thickne.ss, 
and having arranged on tin* aluminum .sevt>ral sample.s of phosphor- 
escent powders, placed on sejiarati* plates of glass, and coi ered with 
small tubes like clock shades (tig. d). the photographic proof, obtained 
after forty-eight hours, showtal silhouettes of th(' jdates of glass (tig. 4), 
ju.st as if they had been produced by the total I'efraction and reflection 
of rays identical with tho.se of light, but which must hav(' traver.sed 
the d mm. of aluminum. This photograph is imiipie; 1 have never 
been abb' to reproduce it or obtain any action with tin* sann* sample 
of sulphide of calcium, nor with any otlnu’ phosphorescent preparation. 
At about the same time H. \i(“wenglowski obtained an impiawsion 
with sulphide of calcium, and ^I. Troost with ht‘xagonal bleiuhv To 
this day 1 do not know the cause of tin* activity of these products or 
its disappearance. T'hest' facts, and some others, gave me tlu‘ itlea that 
the new rays might be a transversal movement of the ether analogous to 
that of light ; but the absence of refi'action and a lai’ge numbeu’ of other 
experiments made me abandon this hv])othesis. 

In this same yeai'. isuu. 1 found that all the uranium salts (miitted 
rays of a similar nature, that the radiant property is an atomic one 
belonging to the element uranium, and electric measurements showed 
me that metallic uranium was about three and a half times moi'(> active 
in ionizing air than is the double sulphate of uranium and imta.ssium. 
The same method enables us to stmly the rdh' played bv the gases in 
the discharge, and to observe that a sphere of eh-ctritied uranium 
retains its charge in vacuo, while m air it loses it. d'he rate of the 
fall of potential is sensibly projxu'tional to tlu' potential if the latter is 



i;._2 -Bi: 


Plate 1. 



Pig. 1 —Reproduction of a Thin Strip of Copper, in 
Form of a Cross, by Rays of Uranium on a Photo- 
graphic Plate Wrapped in Black Paper 



Fig. 2 —Radiograph of Aluminum Medal Produced by 
Ra>s of Uranium 
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only ii fevs' volts; it should be eon.stunt and independent of the potential 
V, hen this is very high. (Jas rendered conducting by these rav’s rebiins 
this property for some instants. Between two conductors maintained 
at constant potentials these rays set up in air a continuous current. 

These experiments M ere taken up and elaborated by Lord Kelvin in 
ISbl. then by Messrs. Beattie and S. de Sniolau. In 1899 Mr. Ruther- 
ford shoM ed how the phenomena due t(i the conductivity communicated 
to gases by uranium, and the existence of a maximum hi the current 
produced, could be explained by the hypothesis of ionization, to which 
the b(>autiful M'ork of Mr. J. J. Thomson has given the seal of authority. 

In ISltS iNl. Schmidt and Mine. Curie observed, (juite independently, 
that thorium has properties analogous to tho.se of nraniuin, properti(‘s 
wliich wen' specially examined by Mr. Owens and Mr. Rutherford. 
Mine. Curie having measured tlu' ionizing activity of a large number 
of minerals containing uranium or thorium, announci'd the remarkable 
fai't that several minerals Mi're more active tlian metallic uranium. 
iM. and Mine. Curii' concluded that there must la' a more active body 
than uranium in the mineral, and they undertook tlie task of isolating it. 

By treating one of the most active of these minerals, viz, pitchblende 
from Joachimstal, they first separati'd an active bismuth, to ■which 
they gave the name of polonium, then shortly afteiAvard they obtained 
a very active barium containing a new element, radium. 

Thesi' bodies ari' [ireiuired by fractional precipitations, in ■which one 
is guided by the indications of the electrometer; the activity of these 
products is liio.oiK.) times greater than that of uranium. 

About the same time Cii'sel succeeded in prejiaring some very 
active sulistances. and in IHOU M. Debierne announced the existence of 
a lu'M ('leiiK'iit. actinium, about which, however, mi' have not heard 
many particulars. Of all these new bodies radium alone is character- 
ized as a iieiv element: it has an emission spectrum consisting of lines 
■which do not bc'long to any other known body, and the atomic Meiglit 
of the active salts of barium M as found to increase M'ith the proportion 
of radium present. 

The activity of uranium M as not sufficient to excite phosphorescence 
in other bodies; iM. and Mine. Curie. hoMCver, observed this phenom- 
enon Mith the rays from radium, and further, that the salts of radium 
Mere thi'iiiselves luminous, their luminosity being, like their radio- 
activity. spontaiu'ous. The activity of radium produces various 
( l.cmical reactions; it colors glass, it transforms oxygen into ozone, 
it changes Mhiti' phosphorus to red. it ionizes not only gases but also 
liipiids. such as petroleum and liquid air, and insulating solid bodies, 
such as paraffin, developing in this latter body a residual conductivity 
which lasts a long time after the rays have ceased to act. It also 
causes on organic tissues si'rious burns analogous to those produced 
ov X-ravs. 
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The >aiiiple of radium that il. and i\ime. Curie have Isait iiu' for th(' 
puri)ose (if liii-- leetuR' <'iial>le'< me to show you a f('w of llu'se phe- 
nomena- ionization of the air, luminosity, and pho-phoreseenee. 

1 hav(' observed l)y means of the photo^-raph 1 now show (Hl;'. 5). 
that th(' radio-aetivity of polonium will not traverse a thin she('t of 
blaek paper forming- a small cylinder closed by aluminium or mica, 
and at tlu' bottom of which was placed the powdered material. The 
lays from radium easily pass through this envelope. We shall see 
that still inoi'(' profound ditferenc«'s exist betwc'cn th('s<> two kinds of 
rays. 

d’iie radio-activity of radium restores to certain crystals and to glass 
the property of becoming- phosporescent by heat, which they have lost 
owing to a previous elevation of temperature. 

The ])henomena of absorption, ('xaniined either by means of pliotog- 
raphy. bv phosphorescence, or by ionization of the air. showed the 
heterogem-ity of the class of radiations emitted. Subse(pi(':.r observ- 
ations have enlarged the held of thi.s research. 

'lOward the end of the yc'ar 18i>h W. (lii-std, and then iMiM. iNb'vc'r 
and Schweidler, observed that the rays of I'adio-active preparations 
wen- d('\ iatetl by a magnetic held in the same manner as ari' the 
cathodic rays. For my part, at about the same time, without having 
lu'ard of these experiments. I observed the same })h(momenon with 
radium. The ('xperiment <-an be made in the follow ing manni'r; A 
small papi-r box containing a few grains of the radio-acti v(' bodv is 
placed horizontally on a photographic plate coxaued with black papi-r. 
between the poles of a magnet: the rays are thi-own entirelv to one 
sid(' of the plate. I hei-e show my two hrst photogi'aphs. oiu' of w hich 
shows a concentration on one poh' of the magiu-t. 

Very shortly afterwards I obsi-rvial that the rays fi-oni polonium are 
not deviated, and conseipiently that two kinds of ravs exist, oin- d(w i- 
able and the other nondeviablc. M. and Mine. Curie have niaile an 
electi-i( examination of this sulijcct. w hich has ju-oved the simultaneous 
existence of these two kinds of lays in the radio-activitv of radium, 
their uneiiual pm-meability varying w ith the distance fi'om the absorb- 
ing screens. The accompanying photograph (tig. (;)show , thes(- two 
kinds of 1 a_\ s tiom ladium. 1 hax'c I’ccimtlx’ ()bser\(*il that uranium 
emits only deviable rays -that is, saving the existenci- of much les-, 
active, nondeviabh- rays. In fact, there does exist a third kind of 
ia\s which ai(' not dexiable. but are extremelv penetratine'; ihe\' hav(' 
been shown mon- particularly bv M. N’illard. 

Thus the activity of radio-active bodies comprises three kinds of 
rays rays which are (leviable in a magnetic field, w hich appi-ar to be 
identical with cathodic rays, and two sorts of nondeviablc rays, one 
kind being very i-asily absoi-))ed. the other resembling X-rays and 
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Fig. 7 —Theoretical Arcs Formed in Air and in Vacuo 
BY Deviable Rays. 



Fig. 8.— Dispersion of Deviable Rays in Magnetic Field. 



Fig 9.-- Impression Due to Secondary Ra(S 
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boin<j' vorv pciu'tnitiiii;'. I'raiiium (‘iiiits principally tlic 1ir''t kind, 
poioniuni oiv('s only tlic second, and radium j^ives all three at otu-i'. '' 

Let us n()«' rdurn to de\ ia)(l<' rays; tin- materia! theory of Sir 
M’illiam t'rooke.s and _Mr. .1. d. Tljemson can he aj)plied to them, and 
the con.se(juence.s can he veritied wi'.h (In' freati'st facility. In a uni- 
form inac'iK'tic held tlu' li'aj(‘ctori('-' ))crpendicuhir to the htdd ar(' cir- 
cumferc'iitial to tin' path /j which hauls th(‘ rays to tin' point of emis- 
sion. For an ohrK[iu‘ emission inakine- an anph' ^\ith tin' tidd. the 
traji'ctoi'ies are helices eiu'clopinc' the cylinders with rays p siii e. 
By placino on a horizontal photoora[)hic plate parallel to tin' unifoi'm 
field, a small lead hox coiitainiiie- few n'laiiis of radiferons harinm 
forming’ a sourc(‘ of vi'vy small diametei'. tin* rays aie rlrawn do^vn to 
tile platta and c.xcite it on one sidi' alone: a hmidle of simph' rays 
emitted in the plain' normal to the jdate and jiaralh'l to tlu' held should 
show theoretically an arc of an ellipse of which the a.xes are in the 
jiroportion of 2 and tt. 'rin* accom[)anying’ photogi'aiih (tig, 7) shows 
these tlu'oretical arcs, obtained by i-eversing tin' direction of tin' lii'ld. 
the one in air and the other in \acno. on a ])hotogra])hic plati' envel- 
oped in black pa[)er: the intensity of tin' magnetic licld was about 
4.11(1(1 (.'. (i. S. units. 

if w<' do not inclose the ilhotog’ra[>hic plate, and if we arrange on it 
se\’('ral strips of paper or <;f metal to form screens, wi' oliscrve in the 
lU'int of tin' radio-activity dispi'rst'd by th*' magnetic held, a s])ecies of 
absorption spc'ctra. Kach traji'ctory lias a ditfi'i'ent curvature corre- 
.sponding' to rays of diti'erent speeds and having dith'i'ent iienetrating 
pc'wers. 

ffen' is an <'xam[>le of one of tln'se prints, obtained in a held of 
about 1.74(1 C. (f. S. units; the screens are a sti-ip of iihiek paper, a 
strip of aluminum of d. 1 mm. thickness, and a strip id' [datiimm of 
(i.( mm. thickness dig. To obtain a pure sp(‘rtrnm so that at each 

point (if tin' plate a bundle of rays are found. <d' which the tra jectorii's 
hav(' all tin' same curvature, the rays should be made to issui' from 
till' source s(j as to ^lass throng'' 'i small round opening; the K'sult is 
th(' saiiK' Us the preceding om'ihg. . Ibis latti'r also show s a vi'ry 
intense impression, due to tin' secondary rays, ])rovoked by tin' rays 
which wen' stop]ied bvthe h'ad cover over the active body, and in 
whi( hwas nuuh' a small opening t lirougli w Inch the [lui’e spectrum 
passed. Lhe absorption \arieswit!i the distance <d' tin' screen from 
th ' acti\ (' bod\-. and the rays which are stopped by a scri'cn phici'd on 

' Itrcciniiient, .Me. Uiithcrldiil a i-ccdimu gar la iia'-thniU- ^ Us ni>inc giic U - rayme 
tells a!:-"rlial>it s. i|u’ii a a[iiicii'' nioais ,i. i tail iit taihUaiient il viiV ca ~i n- emi- 
trairc ili ' raymis latlioiliii'ic', et a-siiuiLililcs aux Kanalstnililcn .I'ai jm, I'.c nnni 
ente, iiiC'Un'i' cette lUAiatimi g.ir !.i iin'tlimlc gliiitiiara|iliiiiiu', i t iiinntici' ij 'i- U-s 
raviiiis (If ]ii.liiiiiiiiii siiiit iileiitii)iic- aux laMUis .t liu raitiiiiii. ' Nnte liy Prulessur 
Itecijiicrcl .March il. ine.'!. I 
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the ])late are al)le to traverse this same sei’een when it is interposed at 
a point near th(‘ir source. 

These experiments leave no doubt as to the identitv of the devial)le 
rays witli cathodic rays. However, it was necessary to prove that 
they carry cliaro'cs of negative electricity, and that tliey are deviated 
by an electric tield. 

M. and IMna'. Curit', in a la'antiful experiment, have shown that 
the I’ays of radium charo-e negatively the bodies that receive them, 
and that th(‘ soiirci' becomes charg-ed positively. For this double 
experiment it is necessary that all the conductors and the source' itself 
be completely enveloped in an insulating material, such as paraffin. 
For the activ(‘ body examined tin' charge was T.lt) ” C. tx. S. units 
per s(|uare centimetei- of radiating surface ja'r second. 

For my })art. 1 hav e shown and measured the electrostatic deviation 
by projv'ctiiig the (h'viated shadow of a scri'en placed perpendicular to 
th(' tield, on a photographic plate. One of these ajvparatus is here 
shown dig. Lo), as well as one of the prints obtained (tig. 11). in which 
on the two halves of the same plate appear the two deviated shadows 
corresponding to the I'ever.sal of the electric tield, of which the inten- 
sity was l.oe ; Jo'y 

The ballistic hypothesis attributes these phenomena to matc'rial 
ma-'ses traiispoi'ting charges of negative electricity with very great 
rajiidity. Let m be th(' material mass of a particle, c its charge, and 
c its velocity. 1\’(' know that in a magnetic tield of aii intensity 
//. the radius of curvature p of the circular ti'ajectory is given by the 

(‘(Illation Up — /•. 'The numerical valiu' of the jiroduct JIp serves 


to show th(' character of I'ach simple ray. On the other hand, in an 
electric tii'ld of an intensity F. the parameter of the parabolic traject- 
ory is The knowledge of these two values gives jmcl 

With a value of Up — F.^ho 1 olxtaiiu'd approximately c = 2.:^lXl(('". 


and - = 1.4-! X dr. T'hesc tigures are entirolv of the same order in 

m 

value as those which led t(x the measurements made with cathodic ravs. 
and th(' theor('tical considerations with regard toZei'inan's ('xpi'riment. 

From th(> above tigures we deduci' that, from thi' fact of the di'viable 
radio activity uiuh'r consideration, then' I'scapi's from each square 
centiiiK'ter of radio-active surfaci' l.i> milligrams of matter in a thou- 
sand million yi'ars. 

By extending tlii's(> measurements to radiations of ditlVrent and 


wi'll-known naturi's. we ought to be able to detei'iniiK' if the ri'lation - 

//? 

is constant, or variable with one ray or another, and whether these do 
not ditier only in their speeds: 1 have not y('t finished the experiments 
I undertook to decide this fundamental ipiestion. but recently M. 



Plate V. 


Srr''sLi a', R>rpi' , '50^ — B--' nutirr,*. 



Fig. 1 0.— Apparatus for Projecting on a Photografh'O 
Plate the Shadow of a Screen Perpendicular to 
THE Magnetic Field. 



Fig. 1 1 .—Proof Obtained with Apparatus in Fig 10. 
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Kaufmann has attempted to elucidate the matter, lie comhiiied. at 
rio'ht angles, the magindic and the (dectric actions; unfortunatcdy. the 
experiment, which is veiT difficult to perform, did not give him one 
plate lit to measure. For the value.s of Up comprised between l.SOD 

and d.fiOO, he found that th<' relation - varied from 1.:-! : lo'. to 

m 

0.0 : 10', and the speed /' from j!.3 : 10'" to 2.8 ; In'". 

The proof of a regular variation in the calculati'd relation ' - is of 

considerable theoretical importance; if this relation was constant, as it 
seemed to be as ih‘ result of a large number of iiKaisuremcnts, we 
might conclude that the slightly den iable rays, for which //p is mori' 
than 5,000, have speeds considerably greater than that of light. 

On the other hand, theoretical considerations have' given the idea 
that the speed emild neet surpass that of the' preepagation of ch'ctro- 
magne'tic elisturbances thatiste> .say. the' spe'ed of light attd we' ha\ (' 
bc'e'ii led to e'enisich'r the' mobile' masse's in a magne'tie- tie'lel as eneleewe'el 
with a particular inei ti i, which is a function eef the' spee'd. I nder 
these conelitions the calculated mass ought to be' apieare'nt. eer at least 
partly so. and it should ineu'case' indetinite'ly as the' ae tnal spee'el 
appreeaches that e)f light. The tigure's publishe'd by M. Kaufmann 
bear out this hypeethe'sis. 

Another con.sceiuence of this manner of heeeking at the' epiestion 
would be that there sheeulel Ik* continuity be'twe'e'ii the- ele'viiilele' rays 
and the)se whie-h are' neit. as the melius e)f e-nre ature' eef the' traje'e'teeries 
bee'omes intinite at the same' time as the' ap]iar*'nt mas>. 

The photographic print already me'iitioned (tig. <i). as well as erne' of 
the following ones (tig. 13). heeweel. een the ceentraiw. a ve'i v elistine t 
discontinuity, altheeugh in the' s 'ceend e)ne tin' e'xpeesure' was sutliede'iitly 
predonged for the' impre'ssion of the h'ast ae-tive rays, siwh as the 
penetrating ne)ndeviable ones te> be elistine-tly visible. 

This proe)f was obtained in (be following manne'r: In the uniform 
magnetie field of a permane'nt nmgne't I plae-e'el. neernrally te) the' fielel. a 
pheetographie- plate", then on this bitte'r 1 arrangeel se-reens e>f lead fixed 
on a sheet of glass, as shown in iig, 12. The.se se'reens are piere'ed 
with (openings normal tee the plate, and destine'd te) limit the width of 
the be'am: in the' path eef these' be'ams 1 ai-range'd eethe'r se-re'e'iis. such as 
aluminium eenes. Below the plate eipposite' a narreew slit in a strip eef 
lead a small block of leael is placeel having a de'f'p e'avity normal tee the 
plate, and in which the radiant beedy is jelace'd. We ha\ e' thus a nar- 
row linear .source neermal tee the' jdate and sevi'iai inillime'ters in length. 
Tlu' cavity is covered with a thin sheu't eef aluminium te) steej) the' light 
rays. 

The figure represents a section made ne)rmally te) the fielel of the 
beam. e)f whieh a part is de'viated. Eae-h be'-.un eeiire'speending to a 
determined speed gives an impression which is neitice'aiely curved, as if 
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r!i,‘ ('iitio' trajecton' was nuirked on tiu’ plate. In these })hoto<Ji-aph.s 
! hi' interidi' <if the eylinfh'i's forniini;’ tlii' screens is stronoly atlected 
h\' the secondary emission from the lead. The first picture (fig'. 13) 
'hows that through each opening there passes an infinity of rays, con- 
stituting portions of the ])ure spectra. Thesi' inei't with a strip of 
aluininiuni O.l mm. in thickness, and traverse it without deviation, 
hut not all with eipial facility. The slightly deviated ra^’s are pene- 
trating. and excite secondary radiations when leaving the aluminium. 
I’lic very deviahle rays ai'e stopped and giv(“ rise to points atl'ected by 
an intense secondary radiation. 

One only of thi' two categories of nondeviahle rays appears in the 
i’orm of two fine lines opposite the source; these are very p(metrating 
rays, the others w(>re arrested (juite near the source. 

Another jiicture (tig. 14) shows the simple beam obtained bv a double 
'(‘lii's of openings: by one of tlnmi we can sometimes pass two distinct 
trajectories. 

The third ligure i'of interest, as it shows the straight beam travel's- 
ing. without dc\ iation. a sheet of aluminium placed obliquely to the line 
of tiajectoi v : and. tiually. the fourth one shows the transmission of 
simple l ays through aluminium, and the secondary etfects they produce. 

'I’lie same method has enabled me to obstu've that the secondary ravs 
were thcnisch (‘s de\ dated by the magnetic tiidd in the same way as 
the exciting ra\ s. 

The radiations from radium also <-ompi'ise some which are viu'v pene- 
trating. consisting of the least deviable and the nondeviahle rays, of 
vhich the properties seem to be the same as Rbntgen rays. These 
jicnctrating rays are but very slightlv absorbed, and consequentlv 
their action on a photographic plate or on the air is verv feeble, so 
that by the jirecrding methods we can get no very exact idea of their 
intensity. If \\ c intcr[)ose in their jiath a very absorbent screen, they 
tia\crsc it partially, but at the sanu' time th(‘y become partially ti'ans- 
formed into mori' absorbable rays. This transfoi'ination recalls that 
of lluorescence, and. through the .secondary action, the effect immedi- 
ately behind the screen is stronger than if this latter was not there. 
The photographic jilate receiving the radiations filti'i'ed throuo'h a 
thickness of lead of 1 cm. — gives a stronger impri'ssion through a 
sheet of lead of 1 mm. thickness than in the uncovered rcuions. The 
diagram (tig. In) shows the etfect of thi' radiations coining from the 
sides of a leaden box after having traversed .d to 12 mm. of th(> mtdal. 

4'hesc secondary iihenomena may partially account for the appearance 
of shadows given by th(> edges of all the transpanmt screens placed 
over the photogra])hic jilates. 

All the facts I have just related ha\e exclusively to do with the 
oiiscuic radiations which traverse opaque bodies, such as metal, ghi.ss, 
mica. etc. Ihit there (>xists aKo another, quite ditferent, phimomenon, 
ol which the ctlccts are arrested by glass and mica: thev are comjtar- 
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able to tliO!se produced by a vapor of a .special nature. I'liis pheiioiue- 
nou was discovered iu iSPli })y INIr. Itutherford and by iNl. and i\line. 
Curie simultaneously. 

Mr. Rutherford, while exaniinino- the radiations fi-oui thorium, 
observed that, besides the ordinary rays, there was another eti'ect pro- 
duced by an ■■ emanation " consisting' of a .sort of va[)oi' ionizing tln^ 
air. This \ apoi' is deposited on bodies, ])rincii»ally those electritied 
ncgativelv, and makes them momentarily radio-actii'e. Mr. Ruther- 
ford made some very interesting measurenietit'- of tins phenomenon. 

At the same time. M. and Mine. Cui-ie di.'CoMu-ed that, under the 
influence of radium, bodies hecame temporarily radio-acti\'e. I'liis is 
not the secondarv effect already described, but a persistimt phenoUK'- 
non which disajipear^ eomi)arati\ely slowly from the moment when 
the action of the ladium ceases. M. Curie has called tins •' iiidiu'cd 
radio-activity. " and has made a very complete ('xamination of it. lie 
has obseiu'cd that the phenomenon is jiroduced with great intensity in 
a close space, that induced actis iti' is the same on all bodies aiul prac- 
tically independent of the iiressure inside the inclosed space, but that 
the phenoimmon is not produced if we maintiun a complete vacuum by 
removing' the gases produced; solutions of salts of radium ])roduee the 
same etfect with greater intensity than the solid salts. Liijuids. water 
of crystallization extracted from active salts, or the water separated 
from an active solution by a setnipermeable membrane of eelluloiil. 
remain strongly radio-acti\'e: it is the .same with the gases. These 
excited bodies produce tlu' sanu' etfects as radium; they emit a jiene- 
trating ray which traverses the glass ve.ssels which contain them and 
makes these latter luminous. Induced activity is gradually ))ro|)agated 
in gases in a smiled tube. e\ cn through etqiillary tube- and imperceptible 
cracks; bodies are excited the more as the volume of ga- is greater in 
proportion to their surface. Rhosphorescent bodies liecoine luminous 
when excited. In a recent work MM. Elster and ( ieilel have ol)-erved 
that atmospheric air has properties analogous to tho-e of excited gasc-, 
and M. (leitel has been able to collect on wii'cs. negatively electritied, 
traces of radio-acti\ e proilucts. d'he cause of this railio-aetivity is a 
problem of the greate-t interest. 

Finallv. there i- a remarkable method of induction, w hich i- of such 
a nature as to demand the greatest reserve in the conclusion- which 
might be foi'inulated relative to the pre-enee of new element- in radio- 
active bodies. H\ ery inacti\'e substance w inch has been added to a 
solution of a uranium or radium salt, and which ha- .-uiisci|ucntly 
been removed by precipitation, ha- become radio-active, and lo.-c,- this 
radio-activitv very slowly. This fact was tir-t observed by M. C urie 
and M. (iiesel. who rendered bi.-nmth radio-acti\ i> in thi- manner. 
Jn the case of uraninm. a trace of barium, precipitated in the form of 
sulphate, became notalily more active than the uranium; liarium thu- 
excited emits onlv tleviable ravs like uranium. 
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After this precipitation the ui-aiiiuiu .salt lirought back to the solid 
state is Ic.ss radio-active than before; this loss of radio-activity can 
even )>(> accentuated by succe.s.sive operations, but the products gradu- 
allv and spontaneously regain their original activ ity. The temporary 
diminution of aeti\ ity after solution is a general fact for salts of 
uranium and radium. With .salts of actinium INI. Debierne has com- 
municated a \'ery great activity to barium. The barium thus excited 
can be si'paratcd from inactive barium; it can be fractioned like radif- 
erous chloride of barium, the most active portions being the least 
soluble in water and hydrochloric acid. INI. Debierne in this manner 
obtained a product a thousand times more active than uranium. 
Barium thus excited behave^ as a false radium, but it differ.s from the 
true radium in tin' absence of the spectrum and in gradually losing its 
poW(‘r with time. 

Among tin' ra(lio-acti\'e j)i’eparations a large number maj" be tinn- 
])orarily excited bodie>. Such is the case with ‘“polonium,” which is 
apparently only excited bismuth. 

L'ranium and radium are characterized by their emission sj)eetra 
and by tlu' staliility of their radio-activity. Tlu' spontaneous growth 
that is observed in the salts (U'positcd by the .solutions" might find an 
explanation in a phenomenon of auto-induction of the active molecules 
on the inacti\'e one they are as.-Nociated with. 

The origin of the radiant energy of tbe.se radio-active bodies is .still 
an enigma. By the material hypothesis it does not appear unreason- 
able. by api)lying the phenomenon of the evaporation of an odorifer- 
ous laxly to compare the emanation to a sort of gas of which tlu' 
molecules would have masses of the .same oixh'r of .size as (dectrolvtic 
ions, and to identify the radiations with the cathodic rays resulting 
from the flislocation of these ions and causing at the same time the 
emission of X-rays, Wc might tlius ascribe the expenditure of energv 
to the dissipation of active matter. .Vlthough this hypothesis will 
account for most of the known facts, still there does not exist anv^ 
prt'cisc exjierinu'nt which .sanctions it. 

I must not. howcvei’. dwell longer on this subject, of which I have 
incompletely summarized the present ]a)sition. by emphasizing the 
physical part, which comes more especially within mv province, 
although the chemical side has given rise to work of the greatest 
interi'st. 

These (luestioii- have raised new hopes on the transformation of 
matter. Besides the exceptional conditions under which t he v enable 
us to e.xaminc the cathodic rays, they ha\-e raised, and continue to 
raise, fresh problems every day of which the first and most mvsb'ri- 
ous is till' spontaneitN of the radiations. 

« L’acrnus-eiiu-iit -poiiran.- i|Ue f.iii „l.ser\e sur les .-els dCpos.-s lies ilissoliitions.” 
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By Prof. James Dem ak, H. LL. D., D. Sc.. F. R. S. 


It Wiis TyndiilFs oood fortune to appc'ur licforo you :it u luonicnt 
when a fruitful and comprehcn.sive idea was vivifying- the whole 
domain of scientitic thought. At the present tinu' no such broad gen- 
eralization presents itself for discussion, while, on the otluu- haiul. tlu' 
number of specialized studi(‘s has enormously incriaisc'd. Sciiuice is 
advancing in so hioad a front by the etl'orts of so ormit an army of 
workers that it would he idle to athunpt. within the limits of an 
address to the most indulgent of audiences, anything like a survey 
of chemistry alone. But 1 have thought it might be instructive, and 
perha])s not uninteresting, to trace hriedy in broad outline the devel- 
opment of that branch of study with which my own labors have been 
recently more intimately connected — a study which 1 trust I am not 
too partial in thinking is as full of philosophical interest as of e.xperi- 
mental difficulty. The nature of heat and cold must ha\e (uigaged 
thinking men from the very earlii'st dawn of sjas ulation upon the 
e.vternal world; l»ut it will suffice for the present purpose if. dis- 
regarding ancient philosophers and even medie\'al alchemists, we 
take up the subject where it stood after the great revival of leaiai- 
ing, and as it was regarded by the father of the inductive method. 
That this was an especially attractive subject to Bacon is (>vident 
from the frecjuency with which he recurs to it in his ditl'erent 
works, always with lamentation over the inadequacy of the imains 
at di.spo.sal for obtaining a considerable degret' of cold, d'hus, 
in the chapter in the Natural History, "Sylva Sylvarum." entitled 
"E.vperiments in con.sort touching the production of cold." he says, 
"The production of cold is a thing- very worthy of the inquisition both 
for the use and tin- disclosuri' of cau.ses. For heat ami cold are natun-'s 
two hands wlu'reby she chiefly worketh, and heat wt> have in readiness 
in respect of the tii'e. but foi- cold we must stay till it cometh or seek 

" I’rcsiiiciitial ail(lrc.s.s tH'fDrc ISi'iti.sli .t.'-sociatioii fur the Ailvaaceiiiciit nf .Science, 
at Belfast mectini.'. IhO'J, reprinteil, after revishm hy tlie author, from paiiijihlet coj)y 
of the address. The introductory part of the ad<lress, relatinu to other topics, is 
omitted. 
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it ill diH'p c:iVL“> or high nioiiiituiii-'. iiiid wIuti till i^ doin' \v(' can not 
obtain it in tiny great dcgri'c. for fiirnac('> of tire are far hotter than 
a snninK'r snn. Init vanlt-^ and hills are not imich colder than a winter's 
frost." The great Kobert Boyle \va ; the lirst experimentalist who 
followed lip Bacon's suggestions. In liiso Boyle read a paper to the 
Koyal tsociety on •'New (‘xperiinents jind obsenations touching cold, 
or an exjieriinenltd history of cold." pr.blishcd two years Ititi'r in a 
septirati' work. This is really ii most complete history of e\ erything 
known alioiit cold u]) to that dati‘. but its great merit is tlii' inclusion 
of luimeroiis ex])eriments nunh' liy Boyle hinuclf on frigoritic mix- 
tures and th(' general cllects of such upon matter. T'he agency chiefly 
used by Boyle in tin' conduct of his experiments was the glaciating 
mixture of snow or ice and salt. In the coursi' of his experiments he 
made many imjiortant observations. Thus he obscived that the salts 
which did not hcl)) thi' suow or ii i' to dissolve faster gave no eti'ective 
freezing. He showed that water in becoming ice expands by about 
one-ninth of its \olume. and bursts gun barrels. He attempted to 
counteract the expansion and pri'wiit freezing by completely tilling a 
strong iron ball with water licfore cooling, anticiiiating that it might 
burst the bottle by the stupendous forci' of ex][)ansion. or that if it did 
not. th(-n the ice produced might under the circumstances be heavier 
than water, hh' speculateil in an ingi'iiioiis way on the change of 
water into ice. Thus he says. "If cold bi' but a privation of heat 
through the recc's of that ethereal substance which agitated tin' little 
eel-like particles of thi' water and thereby made them composi' a fluid 
liody. it may (‘a'il\ be concei\'ed that they should remain rigid in the 
postures in which the etheri'al sidistance ipiitti'd them, and thereby 
compose an unlluid body like ice: yet how the-e little eels should by 
that recess aciiuire as strong an endeavor outward as if thev were so 
many litth' springs and expand themselves with so stupendous a force, 
is that which does not so readily appear." The greati'st degree of 
ad\'cntitious cold Boyle was able to firoduce ilid not make air exposed 
to its action lo'C a full tenth of its ow n volume, so that, in his own 
words, the cold docs lot "weaken the spring Iw anvthing near so con- 
siderable as one would expect." After making this remarkable obser- 
vation and commenting upon its unexpected nature, it is strange Bovle 
did not follow it up. He Ipiestioiis the existence of a body of its own 
nature supremely cold. i>y jiarticipating in which all other bodies 
obtain that quality, although the doctrine of a primum frigidum had 
been acci'fited by many sc,-t^ of pliilosophei's; for. as he says, "if a 
body lieing cold signify no more than its not having its sensible parts 
■so mueh agitated as those of our sciisorium. it sutlices that the sun or 
the lire or some other agent, whatewr it weiv. that agitated more 
vehemently its fiarts before, does ('ither now cease to agitati' them or 
agitates thi'iu but very rcmis.dy. so that till it be determined xvhether 
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cold l)c a ])o.sitivo (|uality of l)ut a jirivativc it will be nc(‘dle>N to con- 
tend what particular body oiio-ht to be estcoinod the prinmni friy idiini." 
The whole elaborate investio-ution co.^t Boyle immense labor, and he 
confesses that he “ never handled any part of natural pliilosophy that 
was so troublesome and full of hardships." lie looked upon his 
results but as a “beginning’' in tliis fiedd of iiapiiry. and for all the 
trouble and patience expended he consoled himself with the thought 
of “men being oftentimes obliged to sutt'er as much wet and cold and 
dive as deep to fetch up sponges as to fetch up pearls.” After the 
masterly essay of Boyle the attention of investigators was chieflv 
directed to improving thei'inoimdrical instruments. The old air ther- 
mometer of (lalileo being inconveni(“nt to us('. the introduction of 
fluid thermometers greatly aided the inipiiry into the action of heat 
and cold. For a time great ditticultv was encountered in selectintr 
proper fixed jioints on the scales of such in'.trmnents. anti this stimu- 
lated men likt' Huygens. Newton, Hooke, and Amontons to suggi'st 
remedies and to conduct experiments. By tin' beginning of the eight- 
eenth century the freezing point and the boiling point of watci' were 
agreed upon a.s fixed points, and tin* only apparent difliculti('s to be 
overcome were the selection of the fluid, accurate calibration of the 
capillar} tube of the thermometer, and a general understanding as to 
scale divisions. It must be confessed that great confusion and inac- 
curacy in temperature observations arose from the variidy and crude- 
ness of the instruments. This led Amontons in 1702-?) to conti ibute 
two papers to the French Academy which reveal gi’cat originality in 
the handling of the subject, and which, strange to say. are not gener- 
ally known. The first disc'ourse deals with >ome new properties of 
the air and the means of accurately asec-rtaining the timiperatun' in 
any climate. He regaixled Inait as due to a movement of tlu‘ paiTicles 
of bodies, though he did not in any way >pecify the nature of tin* 
motion involved, and as the general cau>e t)f all terrestrial motion, so 
that in its absence the earth would ln> w ithout nK)venient in its smallest 
parts. The new facts he records ao' observations on the spi ing or 
pressure of air brought about by the action of heat. He show s that 
difl'erent masses of air measured at the same initial s])ring or pres- 
sure. when heated to the boiling point of water, acquire e(iual incre- 
ments of spring or pressure, provided the volume of the gas Ix' kept 
at its initial value. Further, he proves that if the pressure of the 
gas before heating be doubled or triphal. then the additional spring 
or ])ressure resulting from heating to the boiling point of water is 
equally doubled or tripled. In other words, the latio of the total 
spring of air at two definite and .steadv temperatures and at con- 
stant volume is a constant. inde])endent of tin' mass or the initial 
pre.ssure of the air in the thei'iiioiiieter. T'hese results led to the 
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increased perfection of the air thermometer as a standard instra- 
ment, Amontons's idea beinof to express the tempei-ature at any localit}’' 
in fractions of the degree of heat of boiling water. The great nov- 
elty of the instrument is that temperature is defined by the measure- 
ment of the length of a column of mercury. In passing, he remarks 
that we do not know the extreme of heat and cold, but that he has 
given the I'csults of experiments which establish corres])ondences for 
those who wish to consider the subject. In the following year Amon- 
tons contributed to the Academj’ a further paper extending the scope 
of the inquiry. ' He there pointed out more explicitly that as the 
degrees of heat in his thermometer are registered by the height of a 
column of mercury, which the heat is able to sustain bt' the spring of 
the air. it follows that the extreme cold of the thermometcu- will be 
that which reduces the air to have no power of spring. This, he sa^’s, 
will be a much greater cold than what we call "very cold.” because 
experiments have shown that if the spring of the air at boiling point 
is 73 inches, the degree of heat which remains in the air when brought 
to the freezing point of water is still very great, for it can still main- 
tain the spring of 51i inches. Tlie greatest climatic cold on the scale 
of units adopted by Amontons is marked 5o. and the greatest summer 
heat o8, the value for boiling water being 73, and the zero being 52 
units below the freezing point. Thus Amontons was the first to rec- 
ognize that the use of air as a thermometric substance led to the infer- 
ence of the existence of a zero of temperature, and his scale is nothing 
else than the absolute one we are now so familiar with. It results from 
Amontons's experiments that the air would have no spring left if it were 
cooled below the freezing point of water to about two and one-half times 
the temperature range which separates the boiling point and the freez- 
ing point. In other words, if we adopt the usual centossima] difference 
between these two points of temperature as loO , then the zero of 
Amontons's air thermometer is minus 2lo . This is a remarkable 
approximation to our jnodern value for the same point of minus ff73^. 
It has to be confessed that Amontons’s valuable contributions to knowl- 
edge met with that fate which has .so often for a time overtaken the 
work of too-advanced di.scoverers; in other words, it was simplv 
ignored, or in any case not appreciated hy the scientific world either 
of that time or half a century later. It was not till Lambert, in his 
work on Pyrometrie. published in 1770, repeated Amontons's experi- 
ments and indor.sed his results, that we find any further reference to 
the absolute scale or the zero of temperature. Lambert's observations 
were made with the greatest care and refinement, and resulted in cor- 
recting the value of the zero of th(' air scah> to minus lTo _ compared 
with Amontons’s minus 210 . Lambert points out that the degree of 
temperature which is equal to zero is what oik- may call absoluh- cold, 
and that at this temperature the volume of the air would be practicallv 
nothing. In other words, the particles of the air would fall together 
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and touch each other and hecome dense like water, and front this it 
may he inft'rred that the gaseous eonditioii is caused hy lieat. Lam- 
l)ert says that Ainontons' discoveries had found few adherents, because 
they were too beautiful and advanced for the time in which he lived. 

About this time a remarkable observation was made ])\' Professor 
Braun at Moscow, who, durin<^ the severe winter of IToh, succeeded 
in freezing tnereury by the use of a mixture of snow and nitric acid. 
When we nmiembi'r that mercury was regiirded as (|uite a peculiar 
substance possessed of the essential quality of fluidiW. we can easily 
understand the universal interest creatctl by the experiment of Braun. 
This was accentuated by the observations he made on the temperature 
given by the mercury thermometer, which appeared to record a 
temperature as low as minus 200 C. The experiments were soon 
re])eated by Hutchins at Hudson Bay. who conducted his work with 
the aid of suggestions given liim by Cavendish and Black. The result 
of the new observations was to show that the freezing point of mer- 
cury is only minus do C.. the errors in formi'r experiments having 
been due to the great contraction of tin* mercury in tlie thermometer 
in passing into the solid state. From this it followed that the enor- 
mous natural and artiticial colds which had genendly been believed in 
had no provi'd existence. Still the possible existence of a zero of tem- 
perature vt>ry ditferent from that deduced from gas thermometry had 
the support of such distinguished names as those of Laplace and 
Lavoisier, In their great memoir on Heat, aft(‘r making what they 
consider reasonalile hvpotheses as to the ndation between specific heat 
and total lieat. they calculate values for the zero which range from 
1 . 51 * 0 - to o.ooo below melting ice. On the whole, they regard the 
aVjsolute zero as being in an\' case 600'- below the freezing point. 
Lavoisier, in his Elements of Fhemistry. published in 17!*2. goes .fur- 
ther in th(' direction of indefinitely lowering the zero of temperature 
when he says: 

‘•M e are still very far from being able to produce the degree of 
absolute cold, or total deprivation of heat, being unacquainted with 
any degree of coldness which- we cun not suppose capable of still fur- 
ther augmentation: hence it follows we are incapable of causing the 
ultimate particles of bodies to approach each other as near as possible, 
and thus these particles do not touch each other in any state hitherto 
known." 

Evmi as late as the beginning of th(‘ nineteenth century we find Dal- 
ton. in his new system of Chemical Bhilo.sophv, giving ten calculations 
of this value, and adopting finally as the natural zero of temperature 
minus M.OoO- C. 

In Black's lectures we find that he takes a vei-y cautious view with 
regard to tlu' zero of tenqx'niture. but as usual is admirably clear with 
regal’d to its exposition. Thus he says: 

■’Mb' are ignorant of the lowest po.ssible di'gree or beginning of 
heat. Some ingenious attempts have been made to estimate what it 
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uiay l)e. but they have not proved satisfactory. Our knowledge of 
the degrees of heat may be compared to wliat we should ha\ e of a 
chain, the two ends of which were hidden from us and the middle only 
exposed to our view, ll’e might })ut distinct marks on some of the 
links, and number the rest according as they are nearest to or fui ther 
removed from the princi])al links: but not knowing the distance of 
any links from the end of the chain we could not compare them 
together with respect to their distance, or say that one link was twice 
as far from the end of the chain as another."’ 


It is interesting to observe, however, that Black was evidently well 
acquainted with the work of Aniontons and strongly suppoits his 
inference as to the nature of air. Thus, in discussing the general 
cause of vaporization. Black says that some philosophers have adopted 
the view "that (‘very palpaltle elastic fluid in nature is produced and 
preserved in this form by the action of heat. Mr. Amontons. an 
ingenious member of the late Royal Academy of Sciences, at Paris, 
was the first who proposed this idea with respect to the atmosphere. 
He supposed that it might be deprived of the whole of its elasticitv 
and condens(‘d and even frozen into a solid matter were it in our 
power to apply to it a sutlicient cold; that it is a substance that differs 
from others by being incomparably mon‘ volatih'. and which is there- 
fore converted into vapor and preserved in that form by a weaker 
heat than any that over happened or can obtain in this globe, and 
which therefore can not appear uikUu- any other form than the oik' it 
now wears so long as the constitution of the woi ld remains the sann' 
as at present.” Thi' vi(“ws that Black attributes to Amontons ha\(‘ 
been generally associated with tin* name of ljavoisi(‘r, who ])racticallv 
admitted similar possibilities as to tin- nature* of air: but it is not 
likely that in such matters Black would commit anv mistake' a^ to the 
real author of a particular idea, espea-ially in hi*- own department of 
knowledge. Black's own special coiitiibution to low-t(‘mj)erature 
studies was his explanation of the* interaction of mixture's of ice 
with salts and acids by applying the doctrine of the* latent heat of 
duidity of ice to account for the* frigorihe etfect. In a similar wav 
Black explained the origin of the* cold })ro(luc(*d in Cullen's re*marka- 
ble experiment of the* eva[)oration of (*th(*r unde*!* the r(*ceiv(*r of an 
air pump by pointing out that the lat(*nt hciit of \ iiporiziition in this 
case* ne'cessitated such a I'esult. ’riuis. by iqiplying his own discov- 


eries to latent h(*at. Black gave* an intelligent (‘xphination of the* cause* 
of all the low-temperature ])henomena known in his ehiv. 

After the gase*ous hiws had b(*en detinitely formuhit(*d bv (iav- 
Lussjic and Dalton, the* epie'slion of the alesolute* z(*i'o of tempeTature, 
as de(luce*(l from the* proja-rtie's of gases, uiis rcsived |,y Clem(*nt ane'l 
De'sorme's. The*se elistinguish(*el in\ estigutors present, '*,1 paper 

the sulqe'ct to the* Frene-h Academy in 1 s | g. ul.i,.],, it iipp,.ai s. \Nas 
rejected by that body. the suithors subse*,p[ently e*l(*cte*d to t)ublish it 
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ill lit'lyiiiy on whiit wc know now to Inivo lieon a faulty 

liypotla‘si>. tlH'v (Iciluct'd from olismaations on tin' hrating of air 
ru.sliing info a \acuuni tlin trmporatiuv of inimrs as that of tlm 

ab'-olutr zero. They further endoavorod to show, by extending to 
lower temperatures the l olunu' or tht* pressure eoetlicients of gases 
given by Gay-Lussac, that at the same temperature of minus 267' the 
gasi's would contract so as to possess no appreciable volume, or. alter- 
nati\ (‘ly. if the pressurt' was umhu' consideration it would become so 
small as to Ix' nonexistent. Although full reference is givtm to pre- 
vious work liearing on the same subject, yet curiously enough no 
mention is nuuh' of the name of Amontons. It certainly gave remark- 
able suppoit to .\.montons's notion of the zc'ro to find that simple 
gastvs like hydrogcm and compound ga.si's like ammonia, hydroildoric. 
carlionic. and sulphurous acids should all ])oint to substantially the 
saint' valut' for this t!'m])craf ure. Hut the most curious fact about 
this research of Glcmt'nt and Desormes is that (iav-Lussac was a 
bitter opixment of the laliditi t>f tin' iid’t'rt'uci's they chew either 
from his work or tlu'ir own. 'I'hc mode in which Gay-Lussac 
rc'gardt'd the subji'ct naiy be succinctly jmt as follows: A ((iiick 
compression of iur to one tifth volume raist's its temperaturt' to 
and if this could bt' made much grt'ater and instantant'ous tht' temper- 
ature might rise to l.ooo or o.onn . CouM'rsely. if air under five 
atmosphert's were suddt'iily dilated it would absorb as much heat as it 
had ('vohed during coinpi'ession and its tcmpi'raturc would la' low- 
c'ri'd by Moo . 'Fln'rc'forc' if aii' wen' taken and comjn'i'ssed to 50 
atmos])h('r(''' or more', tin' cold jiroduci'd liy its suddt'n exjiansion 
would have no limit. In order to mei't this position Clement and 
I)esoi-ni('.'' adopted tin' follow ing rt'asoning: 'I hi'c ])ointi'd out that it 
had not la'cn provc'd that Gay-Lussac was corn'ct in his hypothesis, 
but that in any cas" it tacitly iinohes tin' assumption that a lindted 
([uantity of mattt'r posscssc's an unlimitt'd supjily of heat. If this 
W('r(' the cas('. tln'ii lu'at would be unlike' any other measurable thing or 
quality. It is. therefore', more c'emsiste'id with the' eeeurse' eef nature to 
su[)pose' that the' aniemnt of he'at in a leoely is like' the epiantity eef elas- 
tie' tluiel tilling a se'sse'l. w hich, while' eletinite in original amount, one 
mav nadee' le'ss anel h'ss by getting ne'arer te> a e-onqilete' e'xhaustion. 
Furthe'i'. to re'alize' the' absolute' ze'i’e) in the- one e'ase' is just as impos- 
sible' as tee re'alize' tile' ab.solute' vae-uum in the' other: and as we de) neat 
doubt a ze'ieied' tiressure. altheaigh it is unattainable, for the same rea- 
son we' ought to acce'pt the' reality of the absedute' zero. We kneaw 
now that Gav Luss-ae- was wremg in supposing the incre'me'nt eif tem- 
pe'rature' arising from a gi\ e'li gase-eius cemqirc'ssiem would produce a 
ceirrespemding de'cre'uie'iit fi'eim an iele'ntie-al e.xpansion. After this 
time the' ze'io of te'inpe'rature' was genendly re'ceignizeel as a fixed ideal 
point, but in order to show that it was hypothetical, a distinction was 
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drawn between the use of the expressions zero of absolute tempera- 
ture and the absolute zero. 

The whole (juestion took an entirely new form when Lord Kelvin, 
in 1848, after the mechanical equivalent of heat had been determined 
bi" Joule, drew attention to the great principles underlying Carnot’s 
work on the Motive Power of Heat, and applied them to an absolute 
method of temperature measurement which is completely independent 
of the properties of any particular .sub.stance. The principle was that 
for a difference of 1 ^ on this scale between the temperatures of the 
source and refrigerator, a perfect engine should give the same amount 
of work in every part of the scale. Taking the same tixed points as 
for the Centigrade scale, and making 100 of the new degrees cover 
that range, it was found that the degrees not only within that range, 
but as far beyond as experimental data supplied tin* means of com- 
parison, differed by only minute quantities from those of Kegnault’s 
air thermometer. The zero of the new scale had to be determined by 
the consideration that when the refrigerator was at the zero of temper- 
ature the perfect engine should give an amount of work equal to the 
full mechanical equivalent of the heat taken up. This led to a zero of 
273^ below the temperature of freezing water, substantially the same 
as that deduced from a study of the gaseous state. It was a great 
advance to demonstrate by the application of the laws of thermodv- 
naniics not only that the zero of temperature is a ri'ality, but that it 
must be located at 273^ below the freezing point of water. As no one 
has attempted to impugn the .solid foundation of theory and e.xperi- 
ment on which Lord Kelvin based his thermodynamic scale, the exist- 
ence of a detinite zero of temperature must be acknowledged as a 
fundamental scientitic fact. 

LIQUEFACTION OF (iASES AND CONTINUITY OF STATE. 

In these speculations, however, chemists were dealing thcoretieallv 
with temperatures to which they could not make any but the most dis- 
tant experimental approach. Cullen, the teacher of Black, had indeed 
shown how to lower temperature by the evaporation of volatile bodies, 
such as ether, liy the aid of the air pump, and the later experiiiHmts of 
Leslie and Wollaston extended the same principle. l)av\ and Faradav 
made the most of the means at command in li(]iu'fving the more con- 
demsable gases, while at the .siine time Davy pointed out that they in 
turn might be utilized to procure greater cold by tlndr rapid recon- 
version into the aeriform state. . Still the chemist was sorely hampi'rcd 
by the want of some powiu-ful and accicssiblo agent for tln- production 
of temperatures much lower than had ever be(>n attained. That want 
was supplied by Thilorier. who in is;ir> produced liquid carbonic acid 
in large quantities, and further made the fortunate discovery that the 
liquid could lie frozen into a snow by its own evaporation. Faraday 
was prompt to take advantage of this new and potent agent. Under 
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exhaustion he lowered its boilino- point from minus 78“ C. to minus 
110 C., and by eomhining this low temperature with pressure all the 
gases were liquefied by the year 1841, with the exception of the three 
elementary gases — hydrogen, nitrogen, and oxj'gen, and three com- 
pound gases — carbonic oxide, marsh gas, and nitric oxide. Andrews, 
some twenty -live I'ears after the work of Faraday, attempted to induce 
change of state in the uncondensed gases b\' using much higher pres- 
sures than Faraday employed. Combining the temperature of a solid 
carbonic acid bath with pressures of 300 atmospheres, Andrews found 
that none of these gases exhibited any appearance of liquefaction in 
such high states of condensation; but so far as change of volume 
by high compression went, Andrews confirmed the earlier work of 
Natterer by showing that the gases become proportionately less com- 
pressible with growing pressure. While such investigations were 
proceeding, Regnault and Magnus had completed their relined inves- 
tigations on the laws of Boyle and Gay-Lussac. A very important 
seines of experiments was made by Joule and Kelvin ’’On the thermal 
effects of fluids in motion" aftout 1862, in which the thermometrical 
effects of passing gases under compression through porous plugs fur- 
nished important data for the study of the mutual action of the gas 
molecules. No one, however, had attempted to make a complete study 
of a liqueffable gas throughout wide ranges of temperature. This was 
accomplished bj’ Andrews in 1869, and his Bakerian lecture ‘•On the 
continuity of the gaseous and liquid states of matter" will always be 
regarded as an epoch-making investigation. During the course of this 
research Andrews observed that liquid carbonic acid raised to a 
temperature of 31 - C. lost the sharp concave surface of demarcation 
between the liquid and the gas, the space being now occupied by a 
homogeneous fluid which exhibited, when the pressure was suddenh' 
diminished or the temperature slightl}' lowered, a peculiar appearance 
of moving or ffickering strite, due to great local alterations of density. 
At temperatures above 31 “ C. the separation into two distinct kinds 
of matter could not be effected even when the pressure reached 400 
atmospheres. This limiting temperature of the change of state from 
gas to liquid Andrews called the critical temperature. He showed 
that this temperature is constant, and differs with each substance, and 
that it is always associated with a definite pressure peculiar to each 
body. Thus the two constants, critical temperature and pressure, 
which have been of the greatest importance in subse<iuent investiga- 
tions, came to be detined, and a complete experimental proof was 
given that ■’the gaseous and liquid states are only distinct stages of 
the same condition of matter and are capable of passing into one 
another by a process of continuous change." 

In 1873 an essay ' ‘ On the continuity of the gaseous and liquid state," 
full of new and suggestive ideas, was published by van der Waals, who, 
recognizing the value of Clausiu-s's new conception of the virial in 
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(Iviuuiiics. for a loiio-continued .scries of motions, either o.scillatory or 
chaneiiii;' excc'ediiiy ly slowly with time, applied it to the consideration 
of the molecular movements of the particles of the gaseous substance, 
and after much retiiH'd investigation, and the fullest experimental 
calculation availahh' at the time, devised his well-known equation of 
continuity. Its paramount merit is that it is based entirely on a 
nu'chanical foundation, and is in no sense empiric; we may therefore 
look u])(>n it as having a secure foundation in fact, but as being capable 
of ('.\t('nsion and impro\ ement. James Thomson, realizing that the 
straight-liiH' breach of continuous curvature in the Andrews isother- 
mals vas untmiahle to the })hysical mind, propounded his emendation 
of th(> .Vndrews curves — nanndy. that they were continuous and of S 


form. ^\ (‘ also owe to James J'homson the conception and execution 
of a thi'ei' (liiiKMisional model of Andi'ews’s results, which has been of 
th(‘ greatc-t s('rvice in exnibiting tin' thret' variables bv means of a 
s])eci1ic surface afterwards greatly extended and developed Iw Frof. 
^^'illard (rihbs. The suggestive work of James Thomson undoubt- 
edly was a valuable aid to van der Waals. for as soon as he reached the 
point where his etpiation had to show the continuity of the two states 
this was tin' first ditliculty he had to encounter, and he succeeded in 
gi\ ing the explanation. He also gave' a satisfactory rea.son for the 
('xistence of a minimum value of the product of volunu' and pressure 
in tin' Ih'gnault isotln'rmals. His isothermals, with James Thomson's 
completion of them, were now shown to be the results of the laws of 
dynamics. \'an der Waals applied the new ecpiation to the considera- 
tion of tin' coetlicients of expansion with temperature and of pi'essure 
with ti'iuperatui'c. showing that although they were nearly equal, nev- 
('rth('less they wt're almost indepeinh'ut (piantities. His investigation 
of tin' <'aj)illarity constant was masterly, and he added further to our 
knowh'dge of the magnitudes of tin' molecules of gases and of their 
mean frei' paths. Following up tin' expi'i-iments of Joule and Ivf'lvin, 
lit' showed how their cooling coetlicients could be deduct'd, and jirovt'd 
that they vanisht'd at a temperature in t'ach case which is a con.stant 


multiple t)f the specific critical temperature. The I'lpiation of ctmti- 
nuity tleveloped by van der Waals involved the ust' of three constants 


insteail of out', a^ in the old law t>f I’x.ylt' and C'harles. the latter beino- 
only utilizt'd tt) exiirt's^ the relation of tt'mperature. pre.ssure, and 
volume, vht'n the gas is far removed from its point of litiuefai'titm. 
Of the twt) nt'w constants oni' represents the molecular pre.ssure aris- 
ing from the attra.'tion betw.'cn the molecules, tin' other four times 
tin' volume of the moh'cules. ( Jiven these constants of a gas, van di'r 
A aals showed that his eipnition not onlv Ktted into the .mneral char- 
acters of the isotliermals. l.ut also gave the values of the critical tem- 
perature, the critical iiressure. and the critical volumi'. In tin' ca.se 
ot carbonic acid the theoretical results were found to be in remarkable 
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agreement with the experimental values of Andrews, d'his gave 
chemists the means of ascertaining the critical constants, provided suf- 
liciently accurate data derived from the stiuh" of a few projierly dis- 
tributed isotliermals of the gaseous substance were available. Such 
important data came into the possession of chemists when Amagat 
published his valuable paper on “The isothermals of hydrogen, nitro- 
gen. oxygen, ethylene, etc.." in the year 1880. It now became possi- 
l)le to calculate the critical data with comparative accuracy for the 
so-called permanent gases oxygen and nitrogen, and this was done by 
Sarrau in 188^. In the meantime a great impulse had been given to a 
further attack upon the so-called permanent gases by the suggc'stive, 
experiments madt' by Pictet and Cailletet. The static liquefaction of 
oxygen was eflected by AV roblewski in 1883, and thereby the theo- 
retical comdusions derived from van der Waals’s equation were sub- 
stantially contirmed. The liquefaction of oxvgen and air was achieved 
through the use of liquid ethylene as a cooling agent, which enabled a 
temperature of minus 110- to be maintained Iw its steady evaporation 
in vacuo. From this time liquid oxygen and air came to be regarded 
as the potential cooling agents for future research, commanding as 
they did a temperature of 200 below melting ice. The theoretical 
side of the ([uestion received at the hands of van der AVaals a second 
contribution, which was even more important than his original essay, 
and that was his novel and ingenious development of what he calls 
“The theory of corresponding states." He defined the corresponding 
states of two substances as those in which the ratios of the tempera- 
ture. pressure, and volume to the critical temperature, pressure, and 
volume, respectiveh'. were the same for the two sul)stances, and in cor- 
n'sponding states he showed that the three pairs of ratios all coincided. 
From this a series of I'omarkable propositions were developed, some 
new. some proving previous laws that were hitherto only empiric, 
and some complying and correcting faulty though approximate laws. 
As examples, he succeeded in calculating the boiling point of carbonic 
acid from observations on ether vapor, proved Kopp's law of molec- 
ular volumes, and showed that at corresponding temperatures the 
molecular latent heats of vaporization are proportional to the absolute 
critical temperature, and that under the same conditions the coeffi- 
cients of licpiid expansion are inversely proportional to the absolute 
critical temperature, and that the coefficients of litpiid compressibility 
are inversely proportional to the critical pi'essure. All these proposi- 
tions and deductions are in the main correct, though further experi- 
mental investigation has shown minor discrepancies re([uiring expla- 
nation. Various proposals have been made to supplement van der 
Waals's equation so as to bring it into line with experiments, some 
being entirely empiric, others theoretical. Clausius. SaiTau, AV^i’o- 
blewski, Batteli, and others attacked the question empirically, and in 
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tlie iiiixin preserved the co-volumc (depending on the total volume of 
the molecules) unaltered rvhile trving to modify the constant of molec- 
ular attraction. Their success depended entirely on the fact that, 
instead of limiting the number of constants to three, some of them 
have increased them to as many as ten. On the other hand, a series 
of very remarkable theoretical investigations has been made by x an 
der Waals himself, by Kammerlingh Onnes, Korteweg. Jaeger, lloltz- 
inaiin. Dieterici, and llcinganum, and others, all directed in the main 
toward an admitted variation in the value of the co-volume while pre- 
serving the molecular attraction constant. The theoretical deductions 
of Tait haul to tin' conclusion that a substance below its critical point 
ought to liave two different equations of the van der Waals type, 
one referring to the liquid and the other to the gaseous phase. One 
important fact was soon elicited — namely, that the law of correspond- 
(‘nce demanded onlv that the equation should contain not more than 
three constants for each body. The .simplest extension is that made 
by Reinganum, in which he increased the pressure for a given mean 
kinetic energy of the particles inversely in the ratio of the diminution of 
free volume, ilue to the molecules po.s.sessing linear extension. Berthelot 
has shown how a ’• reduci'd" isothermal may be got by taking two other 
prominent points as units of measurement instead of the critical 
coordinates. 'Ihe most suggestive advance in the improvement of the 
van d('r Waals equation has been made by a lady, Mnie. Christine 
Meyer. The idea at the base of this now development may be under- 
stood from the following general .statement: van der Waals brings the 
van der Waals surfaces for all substances into coincidence at tin' point 
where volume, pressure, and temperature are nothing, and then 
stretches or compres.ses all the surfaces parallel to the three axes of 


volume, pressure, and temperature until their critical points coincide. 
But on this plan the surfaces do not (piite coincide, bccaust' the pxnnts 
where the three variables are lespectiveiy nothing art' not coria'spond- 
ing points. INIme. Meyer’s plan is to bring all the critical points first 
into coincidence, and then to compress or extend all the representative 
surfaces parallel to the three axes of volume, pivssun'. and temperature 
until the surfaces coincide. In this way. taking twentv-nine dith'rent 
substances, she completely verities fi-om experiment van der Waals's 
law of correspondence. The tlnajiy of van der ^Vaals has bi'cn one of 
the greatest importance in directing .'xiierimental invi'stioation and in 
attacking the difficult problems of the liquefaction of the'most p.'rnri 
nent gases. One of its greatest triumphs has been the proof that the 
critical constants and the boiling pomt of hydrogen theoreticallv 
deduced by \\ roblewski from a study of the isothermals of the .ms 
taken tar aliove the temperature of li.|uefaction are remarkablv near 
the experimental values. We may safely infer, th.'refore, that if here- 
attei a gas le discoi ered m small quantity even four times more volatile 
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than li([uid hydrogen. 3’et hv a .study of its i.sothormals at low temper- 
ature we shall succeed in finding' its most importaTit li(piid constants, 
although the isolation of the real liquid may for tin' time be impossibh'. 
It is perhaps not too much to say that as a prolific source of knowledge 
in the department dealing with the continuity- of state in matter, it 
would be necessary to go back to Carnot's cycle to find a proposition 
of greater importance than the theory of van der Waals and his devel- 
opment of the law of corresponding states. 

It will be apparent from what has just lieen said that, thanks to the 
labors of Andrews, van der Waals. and others, tlu'orv had again far 
outrun ex})eriment. could calculate the constants and predict 

some of the simph' physical characteristics of liquid oxygen, hydrogen, 
or nitrogen with a high degree of confid('nce long before any one of 
the three had been obtained in tin' static liquid condition permitting of 
the experimental verification of the theory, d'his wa.s the more tanta- 
lizing. because, with whatever confidence the chemist may anticipate 
the substantial corroboration of his theory, he also anticipate.s with 
almost ecpuil conviction that as hi' approaches more and more nearly to 
the zero of absolute temperature he will encounter phenomena com- 
pelling modification, revision, and refinement of formulas which fairly 
covi'red the facts previously known. Just as nearly seventy years ago 
chemists were waiting for somi' means of getting a tempei'ature of 1(»0 
below melting ici'. so ten years ago they wej-e casting about for the 
means of going luo lower still. The difficulty, it need hardly be said, 
increases in a geometrical rather than in an arithmetical ratio. Its 
magnitude may be estimated from the fact that to produce liquid air 
in the atmosphere of an ordinary laboratory is a feat analogous to the 
production of liquid water starting from steam at a white heat and 
working with all the implements and surroundings at the same high 
temperature. The problem was not so much how to produce intense 
cold as how to save it when produced fi'om being immediately leveled 
up by till' relatively superheated surroundings. Ordmarv nonconduct- 
ing packings were inadmissible because they are both cumbrous and 
opaipie, while in working near the limits of our resources it is essential 
that the product should be visible and readily handled. It was while 
puzzling over this mechanical and manipulative difficulty in 181*2 that it 
occurred to me that the principle of an arrangement used nearly twenty 
3-cars before in some calorimetric experiments." which was based upon 
the Mork of flulong and Petit on radiation, might be emploved with 
advantage as well to protect cold substances from heat as hot ones from 
rapid cooling. I therefore tried tlii' effect of keeping iKpietied gases in 
vessels having a double wall, the annular space between being verv 
highl}- exhausted.'' Experiments showed that liquid air evaporated at 

"“Ou the physical (on-tantsoi livclri)'.;cimiiii.” Trans. Roy. 80c., ed. 187.5. 

''It now appears that similar vessels were ennilnyed liy Prule.ssor Violle m a research 
entitled “Sur un calormietre par relrnidissement,’' Comp. Rendu, 1882. 
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only DiK'-tifrli of the rate ]>n'i ailiiiu n hen it was placed in a .-•iuiilar 
iiia'xliaiistcd \a‘^'-cl. owinc- to tin' com cctivc tran'I'crcia-c of Inait ))\ 
till' ca> particles heine- enoriiioii>ly nalueed hy the hieh N iuaiuiii. P)ut. 
in ailditi(nK these vessels lend tlioinselves to aii arrane-einent t)y which 
radiant heat can also he cut oti’. It was found that when the inner 


walls were coated w ith a brio-ht deposit of siU er the influx of heat was 
diminished to one-sixth the amount enterinc- without the metallic coat- 
ine-, d'he total eiha-t of the hiifh \ aiauiui and the silverino’ is to reduce 
the ineoine- Inait to about d ptu' ceid. The etiiciency of such vessels 
dejaaids upon eeltine as hiyli a vacauun :is possible, and cold is one of 
the b(‘st means of etteetine tiie desired ex'haustion. All th:it is m'ces- 
sary is to till eom]>letely tin* s])aeo that h:is to la* exhausted with an easily 
condensable va])or. and then to freeze it out in a receptticle attached 
to th(‘ t)riinary vessel thsd can la* scalefl oil. The ad\'antae-(' of this 
method is that no air putn[i is re(iuired and that theoretically tht're is 
no lindt to the decree <d' exhaustion that can be obtained. The action 
is rtipid. pro\ id(>d li(pdd air is the cooliiiw ac'ent. iind vapors like mer- 
(air_\ . water, or benz<d are (‘luployed. It is obvious tlmt when we 
ha\e to (hail with such an exceptionally xolatile li(jiud as hydrog'en. 
the vapor tilline- may be otnilted because air itself is now an easilv 
condensable vapor. In other words, knpiid hydrogen, collected in 
such vessels with the annular space full of air. immediately solidi- 
ties the air and then'by surrounds itsidf xvith a hioh vai num. In the 
same way. when it shall be \)ossibli' to collect a liipiid boilinff on the 
absolute scale at about '> .as eoinparefl with tin* do- of hvdrca/i'u. then 
yiai inie-ht have the annular space (died with the latter yas to be<.*in 
with, and \ et e-ct directly a v(‘ry hie-|i \ acimm. owino- to the solidiliea- 
tion of the hydroei'ii. .Many eonddnatioii' of \aetium \ essels can la* 


arranged, and the lower the ti'inperature at which we hate to ojterate 
the more useful they become. Vi'sscls of this kind are now in ecneral 
use. and in them liipiid air has crossed the .\merican continent. Of tin* 
various forms, that variety is of special importance which has a spiral 
tube joinine- the bottom part of the walls, so that any liipiid was may 
be drawn otr from the interioi- of such a vessel, li'i the workinu' id' 
regenerative coils such a device becomes all important, and sueli special 
vessels can not be dispensed with for the liipiefaetion (d' hvdroe-em 
In the early experiments of Pietet and ( 'ailletet. coolii'm- was i,ro 


diieed by the sudden expansion of the highly eompressed was pnd'erabl v 
at a low temperature, the former usin.e a jet that lasted for some time, 
the latter an instantaneous aclialiatic expansion in a strony "lass tube 
Aeither process was practicable as a mode .d' produeinw 'liquid wases'. 
but both "iive \aliialde indi.-atioiis of jiartial ehanye into the liipdd 
state by the production of a temporary mist. Lindm however saw 
that the continuous used’ a j.^t of hiwhiy compressed was. eombin'ed 
wttl, riYimerMiv,. em.linp. must lead P, li.p.efaction on a.a-ount of w hat 
IS called the Kelvm-doule edect; and he succeeded in makinwa machine 
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based on tliis prineijjlo, ca 2 )a 1 )le of })rodiicino' liquid air for industrial 
purpos(\>. Tliesc ('xperinienti'rs laid proved that, owing to molecular 
attraction, compre^.-'ed gases passing tlirough a porous jdug or small 
aperture were lowau-ed in tem})erature by an amount depending on the 
ditferenee of pressure, and inversely as the square of the absolute tem- 
perature. This means that for a steaflv ditferenee of pressure the 
cooling is greater the lower the temperature. The oidy gas that did 
not show cooling under such conditions was hydrogim. Instead of 
being cooled it became actually hotter. The reason for this apparent 
anomaly in the Kelvin-.loule effect is that e\ erv gas has a th(‘rmometric 
point of inversion abo\e which it is heated and below which it is 
cooled. This inversion point, according to \ an der Waals. is si.x and 
three-quart('r times the critical jmint. 'I’he elliciencv of the Ijiiuh' 
process depends (ui working with highly comju'essc'd gas \\(dl iielow 
the in\ersion temperature, and in this resp('ct this jioiiit may b(> said 
to take tin' ])lace of the critical one. when in the ordinary wav dir('et 
li([Uefaction is being etfecti'tl l)V tin* use of sp('citlc li(|uitl cooling 
agents. I'lie success of both proce.sses depends upon woi’king within 
a c('rtain temperature range, only the Linde method gives us a much 
wider range of tenqx'rature within which li(juei'action c;m be etl'ected. 
This is not the case if. instead of dej)ending on gt'tting cooling by the 
internal work done by tlie attraction of the gas molecules, we i'orci' 
the eompr('s'.(‘d gas to do external work U' in the well-known air 
machines of Kirk and ( bleman. Both these inventors ha\'e pointed 
out that there is no limit of teniperatun'. short of liciuefaction of the 
gas in Use in the circuit, that such machint's ar(> not capabh' of gi\'ing. 
\\ Idle it is theoretically clear that such machine' ought to Ix' capable 
of maintaining tin' lowest tenq)cratures. and that with tin' least 
('.\])('nditure of power, it is a \erv ditfi'renl matter to overcome the 
practic-al dillicidties of working sueh machines under the conditions. 
Coleman kept a nrachiiu' ih'livcring air at minus s:*> for lK>urs. but 
he (lid not carry his ('xperinient' any further. Reci'utly i\I. Claude, 
of Paris, has. howevei’. succi'eded in working a machine of this typ(' 
so eillcientlv that he has managi'd to prodmx' 1 liti'r of li([uid air per 
liorse])ow ('!• t'xp('nded per hour in tin' running of the engine. This 
output is tw ice as good as that given by the Linde machine, and there 
is no reason to doubt that the yield will be still further im})roved. It 
is clear, therefore, that in the immediah' futurt' the production of 
li(|nid air and hydnygi'ii will bt' etlectt'd mo't econoiidcally by the use 
of machines }u-oducing cold by the expenditure of mechanical work. 

I.K.iLII) HYDUOOEX AM) HEI.HAI. 

To the physicist the co|iious ])7-oduetion of liipdd aii- by the methods 
(h'seribed was of peculiar inteia'st and vahn' as atloi'ding the nn'ans of 
attacking the far more difficult ])i-oblem of tin' ii(|U('faction of hydro- 
gen. and even as encouraging the hope that Ihpdd hwirogen might in 



222 HISTOEY OF COLD AND THE ABSOLUTE ZERO. 

tinu' be eniplovi'd for the liquefaethin of yet more \'olatil(‘ eleiiKMits, 
apart from the importance wliieh it'-; li(piefaetioii must hold in the 
proee.-'S of the steady advance toward the ab--olut(‘ zero. IlydrogHm is 
an eltnnent of e.''])eeial inter(''t. becau'-e the study of its prop(‘rties and 
chemical ri'lations led ureat chemist-- like Faraday. Dumas. Daniell, 
(iraham. and .Vndrews to entertain the view that if it could ever be 
broneht into the state' of liepiid or solid it would reveal mi'tallic char- 
acters. Ijookiiie- to the' special chemical relations of the combined 
hydroeen in water, alkaline oxides, acids, and salts, tou'cther with the 
bt'havior of tlu'sc substances ot\ ch'ctrolvsis. wa- are forced to conclude 
that hydroeen lechaves as the analoenc of a metal. After the beautiful 
discoverv of (iraham that palladium can absorb sonic hundreds of times 
its own \-olumc of hydroga-n. and still I'ctain its luster and general 
metallic characti'r. tin' impri'ssion that hydrogen was probably a mem- 
ber of the metallic group became very general. The only cln'inist who 
adojited another \ iew was my distinguished predecessor. Professor 
Odling. In his Manual of Chemistry, published in isdl. he pointed 
out that hydrogen has chlorous as well as basic relations, and that they 
are as decided, important, and fre([uent as its other relations. From 
such considerations he arrived at the eonelusion that hydrogen is essen- 
tially a neutral or intermediate body, aiul therefore we should not 
c.xpeet to tind liquid or solid hxdrogen possess the a])pearance of a 
metal. This e.Ktraordinary prevision, so eharaeteristie of Odling, 
was proved to be correct some thirty-si'ven years after it vvas 
mad('. Another curious anticipation was made by Dumas, in a h'tter 
addressed to Pictet, in which he says that the nu'tal most analogous to 
hydrogen is magnesium, and that probably lioth elements have the 
same atomic volume, so that the deusitv of hvdroeen, for this ri'ason, 
would be about the vtdue elicited l.y ,sub,se(|uent experiments. Later 
on. in isTd, when Aewlands began to arrangt' the elements in pv'riodic 
groups, he regardetl hydrogen as the lowest member f)f the chlorine 
family; but Mendelev'f. in his later classiiieation. placed hydroeen in 
the group of the alkaline metals; on the other hand. Dr. Johnstone 
Stoney classes hydrogen with the alkaliiu' earth metals and magne- 
sium. From this speculativi' divergeiu'y it is clear no definite' eon- 
elusion could be ri'aehed ri'garding' the jiliysical pro])i'i'ties of liepud 
or solid hydrogen, and the only wav to ari'ive' at the truth was to 
prosecute' low-tem])erature' re'se-arch until suce'css atteneled the' e'tlbrts 
to prexluce' its liepiefaction. This result I de'tiniti'ly obtaine'd in Isos. 
The case of liepiiel hydreege'ii is. in fae-t. an e'xce'lh'iit illustratieen eef the 
truth alivaely inferred tee. that nee I he'eere'tieal fori'e-ast. howe'ver 
apjiare'iitly justilie'el by analeegw . e-an be' tinally acce'))t('d as true until 
e'emtirme'd by ae-tual expe'rime'iit. Liepiiel hvelreegi'u is a .'eelorle'ss trans- 
parent benly of ('xtraeirelinarv intrinsic inle'i'cst. Il has a clcarlv 
detiiu'd surfae-e'. is e'asily si'cn. eireeps well, in spite' eef the fae-t that its 
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surface tension is only the thirh^-fifth part of that of water, or about 
one-tifth that of li(iuid air. and can be poured easily from vessel to 
vessel. The li(piid does not conduct electricity, and, if anythino-. is 
slightly diamac-netic. Compared with an ccpial ^■olume of licpiid air, 
it recpiires only one-tifth the quantity of heat for vaporization: on the 
other hand, its specific heat is six times that of licpiid air or three times 
that of water. The coefficient of expansion of the fluid is remarkable, 
being about ten times that of the gas. It is by far the lightest li(piid 
known to exist, its density being only one-fourteenth that of water. 
The lightest Ihpud previoush’ known was liquid marsh gas. which is 
six times heavier. The only .solid which has so small density as to 
float upon its surface is a piece of pith wood. It is by far the coldest 
liqidd known. At ordinary atmospheric prcssuri' it boils at minus 
252.0- or 2i>..') absolute. The critical point of the liquid is from 
30° to 32- absolute, and the critical pressure not more but probably 
less than fifteen atmosjiheres. The vapor of tlie hydrogen arising 
from the liquid has nearly the dcn.sity of air ; that is. it is fourteen 
times that of the gas at the ordinaiw temperature. Reduction of 
the pressure by an air pump brings down the timiperature to minus 
253-. when the liquid becomes a .solid resembling frozen foam, and 
this by further exhaustion is cooled to minus 2.51*. 5 or 13.5 al)solute, 
which is the lowest steady temperature that has been reached. The 
solid may also be got in the form of a clear tran.sparcnt ice. melting 
at about 15' absolute, under a pre.ssure of 55 mm., possessing the 
unicpie density of one-tenth that of water. Such cold involves the 
solidification of every ga.scous substance but one that is at present 
definitely known to the chendst. and so liquid hydrogen inti'oduces the 
investigator to a world of solid bodies. The contrast between this 
refrigerating .substance and liquid air is most remarkable. On the 
removal of the loose plug of cotton wool used to cover the mouth of 
the vacuum vessel in which it is stored, the action is followed be' a 
miniature snoevstorm of solid air. formed by the freezing of the atmos- 
phere at the point where it comes into contact with the cold vapor 
rising from the liquid. This .solid air falls into the vessel and 
accumulates as a white snow at the bottom of the liquid hydrogen. 
When the outside of an ordinary test tube is cooled by immersion in 
the liquid, it is .soon observeil to till up with solid air, and if the tid)e 
be now lifted out a double effect is visible, for liquid air is produced 
both in the inside and on the outside of the tube — in the one case by 
the melting of tin* solid and in the other by condensation from the 
atmosphere. A tuft of cotton wool .soaked in the litpud and then held 
near the pole of a strong magnet is attracted, and it might be inferred 
theiefrom that licpud hydrogen is a magnetic body. This. howe\ er, 
is not the case. The attraction is due neither to the cotton wool nor 
to the hydrogen — which indeed evaporates almost as soon as the tuft 
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iy taken out of the liquid — but to the oxygen of the air. which is 
well known to be a magnetic bod\', frozen in the wool lyv the extreme 
cold. 

The strong condensing powers of liquid hydrogen ad'ord a simple 
means of producing vacua of very high tenuity. 4A'hen one end of a 
sealed tube containing ordinary air is placed for a .short time in the 
licjuid. the contained air accumulates as a solid at the bottom, while 
the higher part is almost entirely deprived of particles of gas. So 
perfect is the vacuum thus formed, that the electric discharge can be 
made to pass only with the greate.st difficulty. Another important 
application of rK]uid air, liquid hydrogen, etc., is as analytic agents. 
Thus, if a gaseous mixture bo cooled by means of liquid oxygen only 
those constituents will be loft in the ga.seous state which are h'ss con- 
den.sable than oxygen. Similarly, if this gaseous residue be in its 
turn cooled in li(iuid hydrogen a still further separation will be 
etlocted, everything that is loxs volatile than hydrogen being con- 
densed to a licpiid or .-^olid. By proceeding in this fashion it has 
been fomid possible to isolate helium from a mixture in which it is 
present to th(' extent of only one part in one thousand. By the 
evaporation of solid hydrogen under the air pump we can reach 
within 13- or 14- of the zero, but there or thereabouts our progress 
is barred. This gap of 13- might seem at first sight insignificant in 
comparison with the hundreds that have already been concpiered. 
But to win one degree low down the scab' is i[uite a difi'erent matter 
from doing so at higher temperatures. In fact, to annihilate these few 
remaining degrees would be a far greater achievement than any so 
far accomplished in low-temperature research. For the diffieulty is 
twofold, having to do partly with process and partly with mate- 
rial. The application of the methods used in the li(piefaction of 
gases becomes I'ontiuually harder and more troublesome as the W(;rking 
temperature is reduced; thus, to pass from finpiid air to licpiid hvdro- 
geu — a difi'erence of fin — is. from a thermodynamic point of view, as 
difficult as to bridge' the. gap of Ibn that .separates li([uid chlorine and 
liquid air. By the use of a new licpiid gas exceeding hydrogen in vola- 
tility to the same extent as hydrogen doc's nitrogen, the' investigator 
might get to within o of the zero; but evc'u a second hvpcjthetical 
substance, again e.xceeding the first one in volatility to an equal extent, 
would not suffice to liring him ejuite to the point of his ambition. 
That the' zc'ro will ever be rc'ac-hed by man is extremely improbable. 
A thermometer introducc'd into regions outside' the utte'rmost confines 
of the earth's atmosphere might approach the' absolute' zero, provided 
that its parts were highly tran.sparent to all kinds of radiation; other- 
wise it would be affected by the radiation of the' sun, and would the'rc'- 
fore become he'ated. But supposing all diffie-ultie's to lee' ove'rcome. 
and the experimenter to be able to ivach within a few eh'give's of the 
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zero, it is by uo iiieans oertain that ho would tiiid the near approaoh 
of the death of matter sometimes pieturod. Any forceast of the phe- 
nomena that would be seen must b. based on the assumption that 
there is continuity between the processes studied at attainable temper- 
atures and those which take place at still lower ones. Is such an 
assumption justified’ It is true that many chanoes in the properties 
of substances have been found to vary steadily with the degree of cold 
to which they are exposed. But it would be rash to take b^r granted 
that the changes which have been traced in exploi’ed regions continue 
to the same extent and in the same direction in those which are as yet 
unexplored. Of such a bi-eakdown low-temperature research has 
alreacB’ yielded a direct proof at least in one case. A series of experi- 
ments with pure metals showed that their electrical resistance g-radu- 
allj' decreases as they arc cooled to lower and lower tcunperatures, in 
such ratio that it appeared probable that at the zero of absolute tem- 
perature they would have no resistance at all and would la'come perfect 
conductors of electricity. This was the inference that seemed justifi- 
able by observations taken at depths of cold which can be obtained In 
means of liquid air and less powerful refrigerants. But with the 
advent of the more powerful refrigerant licjuid hydrogen it became 
necessarv to revise that conclusion. A discrepancy was first observed 
when a platinum resistance thermometer was used to ascertain tlu' 
temperature of that licpiid boiling under atmospheric and rediici'd 
pressure. All known liquids, when forced to e\ aporate quickly by 
being placed in the exhausted reedver of an air pump, undergo a 
reduction in temperature, but when hydrogen was tia'atcsl i)i tliis way 
it appeai-ed to be an excei)tion. The resistance tliermometer showed 
no such reduction as was expected, and it became a (juestion whether 
it was the hydrogen or tlie thermometer that was behaving abnormally. 
Ultimately, by the adoption of other thermoinetrical applianci's. the 
temperature of th(> hydrogen was proved to be low('red by exhaustion, 
as theory indicated. Hence it was th(> platinuni thermometer w hich 
had broken down; in other words, the electrical resistance of the metal 
employed in its I'onstruction was not, at temperatures aliout minus 
2.'>n- C, decreased by cold in the same, proportitvn as at temperatures 
about minus 2n()-. This being the case, there is no longer any reason 
to suppose that at the absolute zero platinum would become a perfect 
conductor of electricity; and in view of the similarity between the 
behavior of platinum and that of other ])ure metals in respect of tem- 
perature and conductivity, the presumption is that the same is true of 
them also. At any rate, the knowledge that in the case (.)f at least one 
property of matter we have succeeded in attaining a depth of cold 
sufficient to bring about unexpected change in the law expressing the 
variation of that property with temperature, is sufficient to show the 
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the nece.ssitj" for extreme eantion in extending our inferenees regard- 
ing the properties of matter near the zero of temperature. Lord 
Kelvin evidently anticipates the possibility of more i-emarkable elec- 
trical properties being met with in the metals near the zero. A theo- 
retical investigation on the relation of "electrions" and atoms has led 
him to suggest a hypotheti(‘al metal having the following remarkable 
properties: Below 1- absolute it is a perfect iusidator of electricity; 
at 2- it shows noticeable conductivity, and at 6^ it possesses high con- 
ducti^■ity. It may safely be predicted that liquid hydrogen will be 
the means by which man}” obscure problems of physics and chemistrv 
will ultimately be solved, so that the liquefaction of the last of the old 
permanent gases is as pregnant now with future consequences of great 
scientilic moment as was the liquefaction of chlorine in the early years 
of the last century. 


The next step toward the absolute zero is to find another gas jiiore 
volatile than hydrogen, and that we possess in the gas occurring in 
clevite, identified by Ramsay as helium, a gas which is widely distrib- 
uted, like hydrogen, in the sun, stars, and nebulte. A specimen of 
this gas was subjected by Olszewski to liquid air temperatures, com- 
bined with compression and subsequent expansion, following the 
Cailletet method, and resulted in his being unable to discover anv 
appearance of liquefaction, even in the form of mist. His experi- 
ments led him to infer that the boiling point of the substance is prob- 
ably below t» - absolute. After Lord Rayleigh had found a new source 
of helium in the gases which are derived from the Bath springs, and 
liquid hydrogen became available as a cooling agent, a specimen of 
helium cooled in liquid hydrogen showed the formation of fluid, but 
this turned out to be owing to the presence of an unknown admixture 


ot other gases. As a mutter of fact, a year before the date of this 
experiment I had recorded indications of the presence of unknown 
g-ases in the spectrum of helium derived from this source. M’hen sub- 
sequently such condensable constituents were removed, the purified 
helium showed no signs of li<iuefaetion. even when compressed to so 
atmospheres, while the tube containing it was surrounded with solid 
hydrogen. Further, on suddenly expanding, no instantaneous mist 
appeared. Thus heluim was definitely proved to be a much more 
volatile substance than hydrogen in either the liquid or solid condition 
The inference to l)e drawn from the adiabatic ('xpansion effected 
under the circumstances is that helium must have touched a temper 
ature of from fi to 10 for a short time without showiim anv si„-ns 
of hquefacLon, and consequently that the critical point luust be sdill 
lower. This would force us to anticipate that the boiling point of the 
liquid will be about absolute, or liipiid helium will ),e four times 
more volatile than liquid hydrogen, just as limfid hvdrogen is four 
times more volatile than liquid air. Although the liquefaction of the 
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ga.s is a problem for the future, this does not prevent us from antici- 
patiiio- some of the properties of the fluid body. It would be twice 
as dense as liquid hi’drogcn if the ratio of the critical constants has 
the same value as in the case of hi’drogen — that is to say, the critical 
pressure will not exceed I or 5 atmospheres. The licpiid would on 
this assumption possess a very feeble surface tension, and its compress- 
ibility and expansibility would be about four times that of liquid 
hydrogen, w Idle the heat reqiured to A aporize the molocule would be 
about one-fourth that of li(|uid hydrogen. If the critical pressure 
should turn out to be as high as that of nitrogen or oxygen, then the 
fluid density woidd exceed that of water, and the surface tension 
increased, while tin* compressibilitv would be diminished. Heating 
the Ihpiid 1 above its boiling point would raise the pressure by If 
atmospheres, which is more than four tinu's the increment for licpiid 
h 3 ’drogen. The liquid would Ix' onh' sevemteen times denser than its 
vapor, whereas liquid livdrogen is sixh'-live times denser than the gas 
it gives off. Onlj' some 3^ or 4- ivould separate the critical tempera- 
ture from the boiling point and the melting point, whereas in liquid 
hydrogen the separation is respectiveh' l<b and 15% As the liquid 
refractivitics for oxi’gen, nitrogen, and livdrogen arc closelj’ propor- 
tional to the gaseous values, and as Lord Rayleigh has shown that 
helium has only one-fourth the refr.activit\’ of hydrogen, although it 
is twice as dense, we niav infer that the refractivity of liquid helium 
would also be about one-fourth that of licpiid h_vdrogen, unless the 
critical pressure is high, which would necessitate an increase in the 
value. Now hvdrogen has the smallest refractivity of ain* known 
liquid, and yet li<iuid helium will have onh' about one-fourth of this 
value — comparable in fact with rapud hvdrogen just below its crit- 
ical point. This means that the liqiud will be (pute exceptional in its 
optical properties, and verv ditlicult to see. This niav be the explana- 
tion wliv no mist has been seen on its adiabatic expansion from the low- 
est tcm 2 )eratures. Taking all these remarkable properties of the liquid 
into consideration, one is afraid to predict that we are at present able 
to cope with the difficulties involved in its production and collection. 
Provided the critical point is, however, nt)t below S- ab.solute, then 
from the knowledge of the conditions that are successful in produc- 
ing a change of state in hvdrogen through the use of liipiid air, we 
mav safeh’ predict that helium can be liipiefled b^' following similar 
methods. If, however, the critical point is as low as 6- absolute, then 
it would bo almost hopeless to anticipate success bv adopting the pro- 
cess that works so well with hvdrogen. The present anticipation is 
that the gas ivill succumb aftei being subjected to this process, onh', 
in.stead of liepud air under exhau.stion being u.sed as the primary cool- 
ing ag(mt, liquid hydrogen evaporating under similar circumstances 
mast be employed. In this ca.se the resulting liquid would requme to 
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be eollected in a vaciuiiii ves.'^el the outer walls of whieli are iniiiiersed 
in li(juid hydrogen. The })raetieal difficultie.s and the eost of the oper- 
ation will be very great; but on the other hand, the descent to a tem- 
perature within .") of tin' zero would open out new vistas of scientitic 
inquiry which would add immensely to our knowledge of the proper- 
ties of matter. To conmiand in oui" laboratories a temperature which 
would be equivalent to that whi(di a coiiu't might reach at an infinite 
distance from the sun would indet'd be a great triumph for science. 
Tf the present Eoyal Institution attack on helium should fail, then we 
must ultimately succ(‘ed by adopting a j)r<)ce's based on the mechan- 
ical production of cold through the pc'rformance of external work. 
When a turbine can be worked by compressed lu'lium. the whole of the 
mechanism and ciix-uits being kept surrounded with li([uid hvdrogen, 
then we need hardly doubt that the li(|uefacti()n will be etferted. In 
all probability gases other than helium will he disco\-er('d of greater 
volatility than hydrogen. It was at tlu' Ibitish Association meeting, 
in IS'.'d. that I made the first suggestion of tin- probable existence of 
an unknown element which would be found to till up the gap between 
argx)n and helium, and this anticipation was soon takt'u up by others 
and idtimatt'ly continued. Later, in the llakerian Lecture for Ihol. 
1 was led to infer that another member of the helium group might 
exist having the atomic weight about 2. and this would give us a gas 
still more volatile with which the absolute zero might be still more 
nearly appioaehed. It is to be hoped that some such element or ele- 
ments may yet be isolated and identitic'd as coronium or nebulium. If 
among the m\knowu gases ]M)ss(‘s..,ing ji \-m-v some 

have a high critical pr«>ssure instead of a low one. which ordinarv 


experience would lead us to auticii)ate. then such ditiicultly li(iuetiabl'e 
gas('s would produce fluids having ditlerent i)li\si,-.il properties froiii 
any ot thos(' with which we aie ac(juainted. .Vgain. gases nia\ exist 
having smalh'r atomic weights and densities than hvdi-ogen. vet all 
such gases must, according to our present \ iews of the '-aseous state' 


be capabh' of li(|uefaction b.'fort' th.' ze'ro of tempi'ratuiv is ri'aclu'd. 
The chemists of the futuiv will Hud amph' scop,, for investigation 
within the' ajiparently limited range' of te'iupe'rature' w hie h separate's 
sedid hyelreegen from tlm zere,. Inde'e'el. gre'at :es i> tlm se'ntinu'ntal 
intere'st attached tee the- lie|Ue'fae'tie)n of the'se' I'e'frae'teery gase's. the 
importance eef the' ae-hieweme'nt lie's rathe'r in the' fae-t that it opens eeut 
imw tielels of rese'are'h and eme.rme.uslv widens tlm heerizon eef ph\sieal 
science enabling the natural philosophe'r te. study the' pr,<pe>rties and 
behavieer eef matter uneh'r e'utirely ne.ve'l ceenelitioiis. ddd.s ele'partme'iit 
e)f impiir.v is as yet endy in its infancy, hut sj)eeely anel e'xte'usive eh've'l- 
eepments may be' leeeekeel feu'. since within ree-e'iit ve'ai's s.'ve'i'al sia'ei'ii 
crye.gemc lahe.rate.rie's have- be-en e'stabli.he-el fo,'- the prose-eutieen ,‘,f 
such resean'hes. a.ed a lie,mel-air plant is be'e-oming a e-ommon adjunct 
to the equipment eef the' eerdinary laboratorv. 



HISTORY OB" COLD AXD THE ABSOLUTE ZERO. 


229 


TUB'. I'PUKR AIR AA’D AURORAS. 

riic [jrcsptif li(|ui(l ocean, iiccli'ctinc- cvc'i-ythiiic- for the nionieiit Imt 
th(‘ water, was at a previous period of the ('urth's histoi’v part i)f the 
atmosphere, and its condensation lias been hroiieht aliout by the grad- 
ual cooling- of th(' earth's surface. This residting ocean is subjected 
to the jiressure of tin' remaining iineoiiden.si'd gases, and as these' are 
slightly soluble' they elissolve' tee some extc'iit in tlie' fluiel. The gases 
in seilution e-an lie' taken out by elistillatiein or by exhausting the' water, 
anel if we e-ompare' the'ir veelume' v\ itli the volume' of the' wate'r as ste'am. 
we shoulel tiiiel abemt I veilume of air in teo.ooo veilumi's of steam. This 
would then lie' about the roug'h preipeirtion of the' relatively pe'i'manent 
gas tei ceinde'usable' gas which e'xiste'd in the case of the l aporized ocean. 
Now h't us assume the surface of the e'arth gradually ceioh'd to some 
200 below the freezing point; the'ii. afte'r all the' present ocean was 
freizen anel the e-limati' be'e'ame thre'e' time's meire' inte-nse than any arctic 
frost, a iH'w eice'an eef liepiiel air wouhl eippe'ar. e'ove'iing the entire 
surface of the frozen gleibe' about fe'e't ele'C]). We may now apply 
the' same reasoning to the' liepiiel-air oci'an that we formerly did to the 
water one', and this wemkl lead us te» antie'ipate that it might contain in 
solution some gases that may be far h'ss ceindensable than the chief 
constituents of the fluid, la order to se'parate* them we.' must imitate 
the me'theid eif taking the- gase's euit of wate'r. Assume' a sample' of 
liepiid air cooled to the' low te'uipe'rature' that can be' re'eie'lu'el by its own 
evaporation, comu'cte'd by ei pi[)e teia conelense'r e-ooled in liepud hydro- 
ge'u: tin'll any volatile' gase's [iri'se'iit in seilution will elistill over with 
the' tii'st portions of the' air. anel e-aii be' pumpe'd edf. being uiicondensable 
at the' te'inpe'rature of the' e-eitieli'iise'r. In this way a gas mixture, con- 
taining. of the' knenvn gase's, fri'e' hydroge'ii. he'lium. and ne'eni. has bee'ii 
separate'el fi-enii liepiiel air. It is intere'sting to note' in passing that the 
re'lative' volat ilitie's eif wate'r and oxygen are in the' same' ratio as those of 
liepiiel air anel hydrogen, sei that the' analogy between tlu' oce'an of 
wate'r and that eif liepiiel air has anothe'i- siiggi'sti\ i' parallel. The total 
uni'emdi'iisiibli' gas si'parateel in this way amounts to about one tifty- 
thousanelth of the' volume' of the air. which is about the same propor- 
tiein as the' air elissol ve'el in water. That fre'i' hyelreige'n exists in air in 
small ameiunt is e'enu-lusively provi'el. lint the' ae'tiuil ]iroportion feiund 
by the' preie e'ss is \ e'l v niue-li smalh'r than (fautie'r has e'stiniate'd by 
the' e'ombustiein me'theiel. riie' rece'iit ('xpi'i'ime'nts eif Lord Kayleigh 
show that (xautii'r. who e'stimati'd the hydrogen present as eine tive- 
thousanelth. has in some' way proeUu-ed more hvdreigen than he can 
manage' tei e'xtrae-t freiiii pure air by a ri'petition of the same process. 
The' spee-trose eipic examinatiein of these ga.si's threiws new' light upon 
the epiestiem of the' aurora and the nature of the upper air. On pass- 
ing e'h'i'trie' elischiirge's threiugh the' tube's e-eintaining the ineist yeilatile 
of the' atmosphe'ric gases, tlii'y glow with a bright orange light, which 
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is especially marked at the neg-ative pole. The .speetro-scope show.s 
that this light consists, in the visil)le part of the spectrum, chiefly of 
a succession of strong rays in the red, orange, and yellow, attributed 
to hydrogen, helium, and neon. Besides these, a vast number of rays, 
generally less brilliant, are distributed through the whole length of 
the visible spectrum. The greater part of these rays are of, as yet, 
unknown origin. The violet and idtra\'iolet part of the spectrum 
rivals in strength that of the red and yellow rays. .Vs these gases 
probably include some of the gases that pervade interplanetarj' space, 
search was made for the prominent nebular, coronal, and auroral lines. 
No deflnite lines agreeing with the nebular spectrum could be found, 
but many lines occurred closely coincident with the coronal and auroral 
spectrum. But before discussing the spectroscopic pi'oblem it will be 
necessary to consider the nature and condition of the upper air. 

According to the old law of Dalton, supported by the modern 
dynamical theory of gases, each constituent of the atmosphere while 
acted upon by the force of gravity forms a separate atmosphere, com- 
pletely independent, except as to temperature, of the others, and the 
relations between the common temperature and the pressure and alti- 
tude for each specific atmosphere can be definitely expressed. If we 
assume the altitude and temperature known, then the pressure can be 
ascertained for the same height in the ca.se of each of the gaseous con- 
stituents. and in this way the percentage composition of the atmos- 
phere at that place may be deduced. Suppose wc start with a surface 
atmosphere having the composition of our air. oidy containing two 
ten-thou.sandths of hydrogen, then at 37 miles, if a sample could be 
procured for analysis, wo believe that it would be found to contain 12 
per cent of hydrogen and only 10 per cent of oxygen. The carbonic 
acid practically disappears, and by the time we reach 17 miles, where 
the temperature is minus 132 . assuming a gradient of 3.2' per mile, 
the nitrogen and oxygen have .so thinned out that the only constituent 
of the upper air which is left is hydrogen. If the gradient of temper- 
ature were doubled, the elimination of the nitrogen and oxygen would 
bike place by the time 37 miles was reached, with a temperature of 
minus 220 k The pernuuience of the composition of the air at the high- 
e.st altitudes, as deduced from the basis of the dynamical theory of gases, 
has been discus.sed by Stoney, Bryan, and others. It would appear that 
there is a consensus of opinion that the rate at which ga.st‘s like hydro- 
gen and helium could escape from the earth's atmosphere would be e.vces- 
sively slow. Considering that to compensate any such loss the same 
gases are being supplied by actions taking place in the crust of the earth, 
we mai’ safely regard them as nece.s.sarily permanent constituents of the 
upper air. The temperature at the elevations we have been discussing 
would not be sufficient to cau.se an\- licpiefaction of the nitrogen and 
oxygen, the pressure being so low. If we assmue the mean temper- 
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ature as about the boiling point of ox 3 "gen at atmospheric pressure, 
then a considerable amount of the carbonic acid must solidif\' as a 
mist, if the air from a lower level be cooled to this temperature; and 
the same result might take place with other gases of relativelv small 
volatiliU' which occur in air. This would explain the clouds that have 
been seen at an elevation of 50 miles, without assuming the possibility 
of water vapor being carried up so high. The temperature of the 
upper air must be above that on the vapor pressure curve corre- 
sponding to the barometric pressure at the locality, otherwise liquid 
condensation must take place. In other words, the temperature must 
be above the dew point of air at that jilace. At higher elevations, on 
any reasonable assumption of temperature distribution, we inevitably 
reach a temperature where the air would condense, just as Fourier 
and Poisson supposed it would, unless the temperature is arrested in 
some way from approaching the zero. Both ultra-violet absorption 
and the prevalence of electric storms ma\' have something to do with 
the maintenance of a higher mean temperature. The whole mass of 
the air above 10 miles is not more than one seven-hundredth part of 
the total mass of the atmosphere, so that any rain or snow of licpiid or 
solid air, if it did occur, would necessarih’ be of a very tenuous descrip- 
tion. In an\" case, the dense gases tend to accumulate in the lower 
strata, and the lighter ones to predominate at the higher altitudes, 
always assuming that a steady state of equilibrium has been reached. 
It must be observed, however, that a sample of air taken at an eleva- 
tion of 9 miles has shown no difference in composition from that at the 
ground, whereas, according to our hypothesis, the oxygen ought to 
have been diminished to IT per cent, and the carbonic acid should also 
have become much less. This can only be explained by assuming that 
a large intermixture of different lavers of the atmosphere is still taking 
place at this elevation. This is confirmed bv a studj' of the motions 
of clouds about G miles high, which reveals an average velocity of the 
air currents of some 7u miles an hour; such violent winds must be the 
means of causing the intermingling of different atmospheric strata. 
Some clouds, however, during hot and thundery weather, have been 
seen to reach an elevation of IT miles, so that we have direct proof 
that on occasion the lower la^’ers of atmosphere are carried to a great 
elevation. The existence of an atmosphei'e at more than lUU miles 
above the surface of the earth is revealed to us b\' the appearance of 
meteors and fireballs, and when we can take photographs of the spec- 
tram of such apparitions we shall learn a great deal about the compo- 
sition of the upper air. In the meantime Pickering's solitary spec- 
trum of a meteor reveals an atmosphere of hj’drogen and helium, and 
so far this is corroborative of the doctrine we have been discuss- 
ing. It has long been recognized that the aurora is the result of elec- 
tric discharges within the limits of the earth's atmosphere, but it was 
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diffic ult to uiidfTstand will’ its spectrum should be so entirely differ- 
(‘iit from nnytliino- which could be produced nrtiticiiilly by electric dis- 
charges throuo'h rarefied air at the surface of the earth. Writing in 
iSTi*. Hand Caproii. after collecting all the recorded observations, was 
abh' to enumerate no more than nine auroral ra\’s. of which but one 
coidd with any probability be identified with rays emitted by atmos- 
pheric air under an electric discharg-e. Vogel attributed this want of 
agreement IhTwcch nature and experiment, in a vague way. to ditfer- 
(mc(‘ of t(‘m])(‘raturc and pressure'; and Zollner thought the auroral 
siicctrum to li(' OIK' of a ditb'rent order, in the sense in which the line 
and band spectra of nitrogc'ii an* said to be of ditferent orders. Such 
statements were merely confc'ssions of ignorance'. Hut since that time 
eebscrvalions of tile' spee'tra of aiireiras have' been greatlv multiplied. 
e'hie'Hy through the' Swe'dish and Danish polar expeditions, and the 
length eif spee'trum re'e'ordcd e»n the' ultra-viole't side' has been greatlv 
extended ley the' use of photeegraphy , so that, in a I'ce-ent discussion of 
the results, ^I. Ilcnri Stassanee is able' to e'nuine'rate upward of one 
hunclrcd aureii'al rays, of whie*h the' wave* length is mure' oi' le*ss approxi- 
matedv known, some of them far in the ultra-vioh't. Of this large 
number of rays he' is alile' to ielentify. within the preibable limits of 
('rrors eif oliscn ation. about two-thirds as rays, which Professor Live- 


ing and myself have observe'd to be emitte'd liy the most volatile gases 
of atmospheric air unliepiefiable at the temperature eif lieiuid hydrogen. 
IMo.'t of the' re'inainder he aM'ribes to argein. and some he might, with 
more probability, have' identitied with krypton or xenon rays, if he had 
been aware' of the imblie'ation of wave lengths of the spe'ctra of tlmse 
gases, and the idcntitie'ation of one' of the highest rays of krypton 
with that most e'haracte'i istic of auroras. The rosv tint often seen in 
auroras, particularly in the stre'ame'i's. appears to be* due' mainly to 
neon, of which the- spectrum is remarkably rie'h in red and orange 
rays. ( ine or two neem rays are' among tlieese most frequently eibserve'd, 
while- the' red ray of liydreege-n and one' red ray of krypton have been 
imtie'eel emly once', 'riie' piveleiminance of ne'on is not surprisino-. 
se'e'ing that fremi its relative'ly gre-ater iiroportion in air and its low 
ele-nsity it must te-nd tee e-emcentrate' at higher elevations. So large a 
numbe'r e.f preibabh' ide-ntitie-ations warrants the belief that we' mav 
ye't be able* te) re'pre.duce' in our labeerate.ries the* auroral spe'e-trum in 
its e'utire'tx . It is true' that we* have' still tee ae'count tor tlm appe-ar- 
aiK'e' e.f some', and the* abse-nce' e,f e.the'r. rays eif the* ne'wlv dise-eive-red 
gase's. NNhie-h in the* way in whie-h we* stimulate' them appear to be* 
e-epially brilliant. an,l for the abse-nce, with one' doubtful e'xe-e'ption of 
idl the rays of nitre, ge-n. If we- e-au not give the re-ason of this it is 
be'caiisewe de, not know the lue'e-hanism e,f liimine'scence -nor e-ven 
whether the partie'le-s whie-h e-arry the- e-le'ctrie-itv are themselve-s lumi- 
nous. or whether the-y only produe-e- stre-sse-s e ausing other particles 
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which piiconiitcr them to vibrate; yet we are certain tliat an electric 
discharoe in a highly raretied mixture of gases lights one element 
and not another, in a way which, to our ignorance, seems capri- 
cious. The Swedish North Polar Expedition concluded from a great 
number of trigonometrical measurements that the average above the 
ground of the base of the aurora was .'io kilometers (34 miles) at Cape 
Thorsden. .Spitzbergen; at this height the pressure of the nitrogen of 
the atmosphen' would be only al)OUt one-tenth of a millimeter, and 
Moissan and Deslandres have found that in atmospheric air iit pressures 
less than 1 mm. the rays of lutrogen and oxygen fade and are replaced 
by those of argon and by live tu'w rays which Stassano identities with 
rays of the more volatile gases imaisured )<y us. Also Collie and 
Kamsay’s o))servations on the distance to which electrical dischargt's 
of ecpial potential traverse flitfcuamt gases explosively throw much 
light on th(' question; for they find that, while for helium and neon 
this distance is from 250 to f!0o mm., for argon it isToA mm., for 
hydrogen it is ;V.> mm., and for air tiiul oxygen still less. This 
indicates that a good deal depends on the very constitution of the 
gases themselves, and certainly helps us to imdi'i’stand why neon and 
argon, w’hich exist in the atmosphere in larger proportions than helium, 
krypton, or xenon, should make their appeamnce in the spectrum 
of auroras almost to the exclusion of nitrogen and oxygen. How 
much depends not only on the constitution and it may be temperature 
of the gases, but also on the character of the electric discharge, is evi- 
dent from the diti'erence between the spectra at the cathode and 
anode in ditferent gases, notably in nitrogen and argon, and not less 
remarkablv in the more lolatile compounds of the atmosphere. 
Paulsen thinks the auroral speeti’um wholly du(> to cathodic rays. 
^\'ithout stopping to discuss that question, it is certain that changes in 
the character of the electric discharge i)roduce definite changes in the 
spectra excited by tlumi. It has long been known that in many spectra 
the rays which are inconspicuous with an uncondensed electric dis- 
charge become vm-y pronounced when a Leyden jar is in the i-ireiiit. 
This used to be ascrilx'd to a higher tempc'rature in this condensed 
spark, though measurements of that temperature have not borne out 
the explanation. Schuster and llemsah'ch have shown that these 
changes of spectra are in part due to the oscillatory character of the 
condenser discharge which may be enhanced by self-induction, and 
the 1 ‘orrt'sponding change of spectrum thereby made more pronounced. 
Lightning we should expect to resemble condensed discharge much 
more than aurora, but this is not borne out by the spectrum. Pick- 
ering's recent analysis of the spectrum of a Hash obtained by photog- 
raphy shows, out of nineteen lines measured bj' him. only two which 
can be assigned with probability to nitrogen and oxygen, while three 
hydrogen rays most likely due to waiter are very conspicuous, and 
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eleven may be reii.sonably ascribed to argon, krypton, and xenon, one 
to un)re volatile gas of the neon class, and the brightest ray of all is 
but a very little less refrangible than the characteristic auroral ray, 
and coincides with a strong ray of calcium, but also lies between, and 
close to, an argon and a neon ra}', neither of them weak rays. There 
mav be some doubt about the identification of the spectral rays of 
auroras because of the wide limits of the probable errors in measuring 
wave lengths so faint as most of them are. but there is no such doubt 
about the wave lengths of the ra^'s in solar protuberances measured 
bv Deslandres and Hale. Stassano found that these rays, fortv’-four 
in number, lying between the Fraunhofer line 7'^and 3148 in the ultra- 
violet agi-ee very closely with rays which Professor Liveing and 
mvs(']f measured in the spectra of the most volatile atmospheric gases. 
It will be remembered that one of the earliest suggestions as to the 
nature of solar prominences was that the}' were solar auroras. This 
supposition helped to explain the marvelous rapidity of their changes, 
and the api)arent suspension of brilliant s('lf-luminous clouds at enor- 
mous heights above the sun's surface. Now, the identification of the 
rays of their spectra with those of the most volatih' gases, which also 
furnish many of the auroral rays, certainly supports that suggestion. 
A stronger support, however, seems to be given to it by the results 
obtained at the total eclipse of May. IbOl. by the American expedition 
to Sumatra. In the Astrophysical Journal for June hist is a list of 
33t» lines in the spectrum of tlie corona photographed by Humphreys, 
during totality, with a very large concave grating. Of these no fewer 
than 209 do not differ from lines we have measured in the most volatile 
gases of the atmosphere, or in krypton or xenon, by more than one 
unit of wave length on Armstrong's scale, a quantity within the limit 
of probable error. Of the remainder, a good many agree to a like 
degree with argon lines, a very few with oxygen lines, and still fewer 
w ith nitrogen lines; the characteristic green auroral ray, which is not 
in the range of Humphreys's photograjfiis, also agrees within a small 
fraction of a unit of wave length with one of the ravs emitted bv the 
most volatile atmospheric gas. T'aking into account the Fraunhofer 
lines //. /r. and t/, usually ascribial to calcium, there remain only 55 
lines of the 339 unaccounted for to the degree of probabilitv indicated. 
Of these considerably more than half are very w'cak lines whiclihave 
not depicted themselves on more than one of tin' six films exposed, 
and extend but a very ^hort distance into the sun's atmosphere. There 
are, however, seven which are strongi'r lint's, and reach to a consid- 
erable height above the sun's rim. and all luive di'picted themselves on 
at least four of the .six films. If there be no eonsidt'rable error in 
the wave lengths assigned (and such is not likely to lie the east'), these 
lines may perhaps he due to .some volatile eh'ment which may yet be 
discovered in our atmosphere. Ilowex er that mav be, the very great 
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nuniber of close coincidences between the aiiroml rays and those 
which are emitted under electric excitement by oases of our atmos- 
phere almost constrains us to believe, what is indeed most probable on 
other o-rounds, that the sun's coronal atmosphere is composed of the 
same substances as the earth's, and that it is rendered luminous in the 
same waj' — namely, by electric discharges. This conclusion has plainly 
an important bearing on the explanation which should be given of the 
outburst of new stars and of the extraordinaiy and rapid changes in 
their spectra. ^Moreover, leaving on one side the (piestion whether 
gases ever become luminous by the direct action of heat, apart from 
such transfers of energy as occur in chemical change and electric dis- 
turbance, it demands a revision of the theori('s which attribute more 
permanent ditfcrences betwt'on the spc'ctra of ditferent stars to dill'er- 
ences of temp('rature. and a fuller consideration of the question 
whether they can not with better rea.-on be explained 1)3' differences 
in the electric conditions which prevail in the stidlar atmosphere. 

If we turn to the (Question what is the cau-e of the electric discharges 
which are generally belio’. ed to occasion auroras, but of which little 
more has hitherto been known than that thev are connected with sun 
spots and solar eruptions, i-ecent studies of electric discharges in high 
vacua, with which the names of C’rookes. Kdntgen. Lenard. and . 1 . J. 
Thomson will always be associated, have opened the wai' for Arrhe- 
nius to suggest a definite and rational answer. He points out that the 
frequent disturbances which we know to occur in the sun must cause 
electric discharges in the sun's atmosphere far exceeding anv that 
occur in that of the earth. These will be attended with an ionisation 
of the gases, and the negative ions will stream away through the outer 
atmosphere of the sun into the interplanetary space, becoming, as 
^^'ilson has shown, nuclei of aggregation of condensable vapors and 
cosmic dust. The liejuid and solid particles thus formed will be of 
various sizes; the larger will gravitate back to the sun, while those 
with diametei’s less than one and a half thousandths of a millimeter, but 
nevertheless grt'ater than a wave length of light, will, in accordance 
with Clerk-Maxwell's idectro-magnetic theoiw. be driven awav from 
the sun ))v the iiuddmicc' of the solar ravs upon them, with velocities 
which mav l)ecome enormous, until tlnw mod other ceh'stial bodies, 
or increas(> tlu'ir dimensions bv picking up more eosmie dust or 
diminish tlumi by e\ a[)oration. The ('arth will cateh its shar(> of such 
particles on the si<le which is tui'iieil towai'd the sun, and its upper 
atmosphen' will thereby become lU'g-.itively eleedrified until the 
potential of the (diarge reaches such a point that a-dischai'ge occurs, 
which will be repeated as more charged particles rc'ach the earth. 
This theorv not onlv accounts for the auroral discharges, and the 
coincidence of their times of gn'atest freipiencv with those of the 
maxima of sim spots, but also for the minor maxima and minima. 
The vernal and autumnal maxima occur when the line through the 
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earth and sun has its greatest ineliiiation to the solar e([uator. so that 
the eartli is more direetly ('xposert to the rco'ion of maxiiuuni of siin 
spots, whih' th(' twmity-'-ix days period corresponds closely with the 
period of rotation of that ])art of the solar surface where facuhe are 
most ahundant. J. .F. Thomson has pointed out. as a consequence of 
the Richardson observations, that neoutive - ions w’ill be constantly 
streamino- from the sun mertdy reo-arded as a hot bodi'. but this is not 
inconsistent with the supposition that there will be an excess of this 
emission in eruptions, and from the reo-ions of facuhe. Arrhenius's 
theory accounts also, in a way which se(‘ms the most satisfactoiy 
hitherto enunciated, for the appearances presented by comets. The 
solid parts of these ot)jects absorb the sun's rays, and as they approach 
the sun become heated on the side turned toward him until tin' volatile 
substanct's frozen in or upon them are e\aporated and ditfused in the 
gaseous state in surroumling space, where they get cooled to the 
tenqierature of rupiefaction and aggri-gated in drops about the in'ga- 
tive ions. The larg(>r of tlu'sc drops gravitate toward tlu' sun and 
form clouds of tiu' coma about the head, whih' the smaller are driven 
by th(‘ incidence of the sun's light upon tln'in away from the sun. and 
form the tail. The cui'vature of the tail di'pi'nds. us Bredichin has 
shown, on the rate at which the particles are driv('n. which in turn 
depends on the size and specitic gravity of the partich's. and thi'se will 
vary with the density of the vapor from which they are formed and 
the fre(iucncy of the lu'gative ions which collect them. In anv case 
Arrhenius s tht'ory is a most sugg(“sti\ e one. not onlv with reference 
to auroras and comets, and tin' solar corona and (diromos])hei'e. but 
also as to the constitution of the photosphere itself. 


■\AUU)is LOW juiskauciiks. 

We may now summarize souk' of the results which have alreadv 
been attained by low-temperature studies. In tlu' first plac('. the 
great majority of chemical int(>ractions are entin'ly suspended. Iiut an 
element of such exceptional ixnvers of combination as fluorine is still 
activ(' at the temperature of liquid air. Wlu'ther .solid fluorine and 
Ihpiid hydrogen would interact no one can at pivsent .say." Bodies 
naturally becoiiH' d.'iiser. but ev.'ii a highly expansive substance like 
ice does not appear to reach the density of wab'r at the lowest b'lu- 
perature. This is contirmatory of the view that the particles ,,f mat- 
ter under such conditions are not packed in the .doscst pussible wav. 
The force of cohesion is greatly increas.'d at low temperatures as 'is 
shown by the additional stre.ss re.piired to ruptuiv metallic wires. 
This fact is of interest in connection with two coidlictine- theories of 


-'Note by muher. April Hi. l-H,:;. J„ ,, ,.,„.,.,.uni,.atio„ tl,.: French 

Academy by rre.es-., r Me.-.-a,, an.l m.selt it D shewn that vielent cend.inatiens 
take ])la( «•, that < hfimi al at-tum t-an in « (Ttaiii cum*'! takt* 
temperature. [tSee Cuni]>te.' lien.lu-, March 'Ml hue;.] 


])laee near the zero of 
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uuitter. Lord Kelvin','' view is that the fortes that hold together the 
particles of })odies may he accounted for without assuming any other 
agency than gravitation or any other law than tlie Newtonian. An 
opposite I iew is that the phenomena of the aggregation of molecules 
depend upon the moh'cular vihration as a physical cause. Hence, at 
the zero of absolute temperature, this vibrating energy being in com- 
plete abeyance, the phenomena of cohesion .should cease to t'xist, and 
matter generally be reduced to an incohc'ii'iit heap of cosmic ilust. 
This second view rt'ceiv(‘s no support from experiment. 

The })hotogra[)hic action of light is diminislu'd at the tc'inperaturc 
of li(|uid air to about 2o per cent of its ordinary efficiency, and at the 
still lower t('nip('rature of licpiid hydrogen only about IC pc'r cent of 
the original sensitivity remains. At tlu' tempcu'ature of li<(uid air or 
li(piid hydi'ogen a large, range of organic bodies and many inorganic 
OIK'S ac((uire under ('xposure to violet liglit the property of ])ho.sphor- 
escence. Such bodies glow faintly so long as they are kept cold, but 
become exccf'dingly brilliant during the pi'riod whc'ii the temperature 
is rising. Ev('n solid air is a phosj)hore.scent body. All thi' alkaline 
earth sulphides which phosphoresce brilliantly at the ordinary tempi'r- 
atur(' lose this property when cooled, to be r(‘vi\ e(l on lu'ating; but 
such bodies in the first instance may be stimulated through the ab.sorp- 
tion of light at the lowest temperatures. lhulio-acti\ (' bodies, on the 
other hand, like radium, which are naturally .si'lf-luminous. maintain 
this luminosity unimpaired at the very lowest temjjeratures, and are 
still capable of inducing pho.splK)re.sc('nce in bodies like the platino- 
cyanides. .Some crystals become for a time . self-luminous when cooled 
in li([uid air or hydrogen, owing to the induc«'d electric stimulation 
causing discharges betwt'cn the crystal molecules. 'I'liis phenomenon 
is verv pronounced w ith nitrate of uranium and some platino-cyanides. 

In <'onjunction with I’lofi'ssor Fleming a long serii's of ex})eriments 
was made on the electric and magiu'tic proix'itics of bodies at low 
temperatures. I'lic subjects that have bt'en iiiulei' iTn i'stigation mav 
be classitied as follows; The 'riicrmo-Flectric Lowers of Lure Aletals; 
th(' ^Magnetic Lroperties of Iron and .St('el; Dielectric t'onstants; the 
Alagnetic and Electric Constants of I/npiid Oxygen; ^lagiu'tic Sus- 
ceptibility. 

The investigations have sliown that electric conductivity in pure 
metals varit's almost iin ersoly as the tibsohitc' temperature down to 
minus goo . liut that this law is greatly affected by the ])r<‘senc(' of the 
most minute amount of impurity. Hence the results amount to a 
proof that t'lectric resistance in pun' metals is closely dependt'ut upon 
the moh'cular or atomic motion which gi\ cs rise to temperature, and 
that the ])roc('ss hy which the eiu'rgy constituting what is called an 
electric current is dissipated essentially dej)ends upon nonhomogeneitv 
of structure and -upon the absolute temperature of tlu' material. It 
might bi' inferred that at the zero of absolute temperature resistance 
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would Viinish iiltoo'cther, and all pure metals become perfect con- 
ductors of electricity. This conclusion, however, has t)een rendered 
very doubtful ))y subsecpicnt ob.servations made at still lower temper- 
atures. which appear to point to an ultimate tinite resistance. Thus 
the temperature at which copper was assumed to have no resistance 
was minus 223 . but that metal has been cooled to minus 253- without 
oettinc- rid of all resistance. The reduction in resistance of some of 
the metals at the boilinc- point of hydro«-en is very remarkable. Thus 
copper has only 1 per cent, jrold and })latinum 3 j)cr cemt. and silver 
T per cent of the resistance tlnw possessed at zero C.. but iron still 
retains 12 per cent of its initial resistance. In the case of alloys and 
impure Tiudals cold brings jil)out a much smaller dccn-asc in resis- 
tivitw and in tin' case of carbon and insulators like gutta-percha, glass, 
ebonite, etc., their r(>sistivity st(‘adily incr('ases. The enormous 
increase in resistanci' of bismuths hen transwrsely magnetized and 
cooled was also discovcrcsl in the' course of tlu'se ('xperiments. The 
study of dielectric constants at low t<‘mperatures has I’esidted in the 
discovery of some interesting facts. A fundanamtal deduction from 
'MaxweH's theory is that the s(juare of the refractix e index of a body 
should bo the same number as its dielectric constant. So far. however, 
from this being the case generally, tin* exceptions are far mort' numer- 
ous than the coincidences. It has btam shown in the case of manv 
substances, such as ice and glass, that an incr('as<' in the frtapiencv of 
the alternating electromotive force results in a reduction of the dielec- 
tric constant to a value more consistent with iMaxw('irs law. By 
experiments upon many substances it is shown that ('ven a moderate 
increase of fre([uency brings the large dii'ha tric constant to value.s 
finite near to that reepdred by Tlaxwell's law. It was thus shown that 
low temperature has the same effect as high fixapiencv in annulling the 
abnormal dielectric values. The exact measurement of the dielectric 
constant of Ihiuid oxygen, as well as its magnetic permeabilitv. com- 
bined with the optical determination of the refratixa' index showed 
that li(iuid oxygen strictly obeys Maxwell's electro-optic law even at 
very low electric fre(]uencies. In magnetic work the residt of oTeat- 
cst value is the proof that magnetic susceptibilitv varies inversely as 
the absolute temperatunv This shows that the magnetization of para- 
magnetic bodies is an atlair of orientation of molecuh's. and it su<>'- 
gests that at the absolute zero all tlu' b'cbly paramagnetic bodies wFll 
be strongly magnetic. Tim diamagnetism of bismuth was found to be 
increased at low temperatures. Tlu' magnetic inonuait of a steel maw- 
net is temporarily iuert'ased by cooling in liquid air. but the increase 
seems to have' reached a limit, because on further cooling to the 
temperature of liquid hydrogen hardly any further change was 
observed. The study of the tlu'rmo-elcctric ndatious of the metals 
at low temperatures ivsulted in a great extension of the well-known 
Tait Thermo-Electric Diagram. Tail found that the thermo-electric 
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power of the metals could be expre.ssed by a linear function of the 
absolute temperature, })ut at the extreme range of temperature now 
under consideration this law was found not to hold generally: and, 
further, it appeared that many abrupt electric changes take place, 
which originate probably from specific molecular changes occurring 
in the metal. The thermo-electric neutral points of c('rtain metals, 
such as lead and gold, which are located at or below the boiling point 
of hydrogen, have been found to be a convenient means of defining 
specific temperatures in this exceptional part of the thermo-metric 
scale. 

The eli'ect of cold upon the life of living organisms is a matter 
of great intrinsic interest, as well as of wide theoretical impor- 
tance. Experiment indicates that moderati'ly high temperatures 
are much more fatal, at least to the lower forms of life, than are 
exceedingly low ones. Professor ilcKendrick froze for an hour 
at a temperature of 1S2~ C. samples of meat, milk, etc., in sealed 
tubes. When these were opened after being kept at blood heat for 
a few days their contents were found to be quite putrid. More 
recently some more elaborate tests were carried out at the Jenner 
Institute of Preventive Medicine on a series of typical bacteria. 
These were exposed to the temperature of licpiid air for twenty 
hours, but their vitality’ was not affected, their functional activities 
remained unimpaired, and the cultures which they yielded were normal 
in every respect. The same result was obtained when liquid hydrogen 
was substituted for air. A similar persistence of life in seeds has 
been demonstrated even at the lowest temperatures. They were 
frozen for over a hundred hours in liquid air. at the instance of 
Messrs. Brown and Escombe. with no other result than to affect their 
protoplasm with a certain inertness, from which it recovered with 
warmth. Subsequently commercial samples of barley, pea. vegetable- 
marrow, and mustard seeds were literally steeped for six hours in 
liquid hydrogen at the Boyal Institution, yet when they were sown by 
Sir W. T. Thiselton Dyer at Kew in the ordinary way the proportion 
in which germination occurred was no less than in the other batches of 
the same seeds which had suffered no abnormal treatment. Bacteria 
are minute vegetable cells, the standard of measurement for which is the 

mikron." Y('t it has been found possible to completely triturate these 
microscopic cells when the operatioTi is carried out at the temperature 
of liquid air, the cells then being frozen into hard, breakable masses. 
The typhoid organism has been treated in this way and the cell plasma 
obtained for the purpose of studying its toxic and immunizing prop- 
erties. It would hardly have been anticipated that liquid air should 
find such immediate application in biological research. A research bv 
Professor Macfadyen." just concluded, has shown that many varieties 

"Note by author, April 16, ItlOll. This important paper has recently api^eared in 
the Proceedings of the Royal Society. 
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of microorganisms can be exposed to the temperature of liquid air for 
a period of six months without any appreciable loss of vitality, although 
at such a temperature the ordinary chemical processes of the cell 
must cease. At such a temperature the cells can not be said to be 
cithei- alive or dead in the ordinary acceptation of these words. It is 
a new and hitherto unobtained condition of living matter — a third 
state. A dual instance of the application of the above methods may be 
given. Certain species of bacteria during the couvse of their vital 
processes arc capable of emitting light. If. however, the cells be 
broken iq) at the temperature of li(juid air, and the crushed contents 
brought to the ordinary temperature, the luminosity function is found 
to have disappeared. This points to the luminosity not being due to 
the action of a ferment -a •‘Lucifera.se" — but as being essentially 
bound up with the vital proccs.ses of the colls and dependent for its 
production on the intact organization of the cell. The^e attempts to 
study by frigoritic methods the physiology of the cell have already 
yi(‘lded valuable and en<-ouraging results, and it is to be hoped that 
this line of investigation will continue to be vigorously prosecuted at 
th(' .lenner Institute. 

And now. to conchule an addre.ss which must have sorely taxed your 
patience. I may remind you that I commenced by referring to the 
plaint of Elizabethan .science that cold was not a natural available 
product. In the course of a long struggle with nature, man, by the 
application of intelligent and steady industry, has acquired a control 
over this agency which enables him to produce it at will and with 
almost any degree of intensity short of a limit defined by the very 
nature of things. But the success in working what a])pears at first 
sight to be a «|uarrv of ncsearch that would soon sutler e.xhaustion, 
has only brought him to the threshliold of new labvrinths. the entan- 
glements of which frustrate with a seemingly invulnerable couqilexity 
the hopes of further progrt'ss. In a legitimate stuise all genuine scien- 
tific workers feel that they are "the inheritors of unfulfilled I’enown." 
The battlefields of science are the centers of a perpetual warfare, in 
which there is no hope of final victory, although partial con<iuest is 
ever triumphantly encouraging the continuance of the disciplined and 
strenuous attack on th(‘ seemingly impregnable fortress of nature. To 
serve in the scientific army, to hav(> .shown some initiative, and to be 
rewardi'd by the <'on.sciousne.ss that in the eyes of his comrades he 
])ears tlu' accredited accolade of successful endeavor, is enough to .sat- 
isfy the legitimate ambition of every earnest studmit of nature. The 
real warranty that the march of progress in the future will l)e as glo- 
rious as in the past lies in the perpetual r(>enforcenient of the scientific 
ranks ly recruits animated l)v such a spirit and proud to obtain such 
a reward. 



p:xpekimental phonetics. 


By Prof. John G. McKenuimck. E. K. S.* 


The movements of the organ.s of voice and speech are so complicated 
as to require for their elucidation the application of main' methods of 
research. When one speaks there are movements of the lips, tongue, 
soft jjalate. and larynx, and sometimes movements of the muscles of 
expression. Then, again, there are special characteristics aliout vowel 
sounds which apparently distinguish these from the sounds of musical 
instruments. Thus questions ari,so as to the true nature of vowel 
sounds and as to what is the physical constitution of a word of several 
svllahles. It has also been sugge.sted that languago might be recorded, 
not by letters or syllables, but by signs or symbols which would indi- 
cate what had to be done by the vocal and articulating organs for the 
production of anv given sound. There might thus be a physiological 
method of expressing speech by a .series of alphabetical symbols for 
.sounds varying in pitch, intensity, and (|uality. It will lie seen that 
experimental phonetics constitutes a wide field of research, not only of 
great scientific interest, but also one having practical a.spects not at 
first apparent. From the nature of the investigation, also, the prob- 
lems .seem to be .specially suited for the application of the graphic 
method of re.search. 

In 1875 an investigation Mas carried out by Havet and Kosapelly' 
in the laboratory of Profe.s.sor Marey, in Paris, in M'hich the pressure 

"Reprinted t)y permission of ttie antlior and tlie jmldisher from Nature, London, 
No. 1678, vol. 6.5, Dee. 26, 1901. 

^'Read hefore the Section of Piiygiolojry at the meeting ot the British .V-ssociation 
in (ilasgow, Septemlier Id. References; Die Plionetische Literatur von 1876-1.895, 
hy Hermann Breymann (Leipzig, 1897); Tlie Articulation of Speech Sounds by 
Analphabetic Symbols, by Otto Jespersen (Marburg, 18.89); L'Tuscription des 
Dhcnomcnes Phonctique, by iM. ,T. Marey (Revue (icnerale des Sciences, 15 et dO 
.Tuin, 1898); Studies from the A'ale Psychological Ijuboratory, by E. \V. Scripture 
(1.899); Theorie de la Formation lies Voyelles, by Marage (Paris, (irix Barbier, 
1900); La Parole d'apres le Trace du Phonograplie, by H. iMarichelle ( Paris, 1897); 
On Vowel Sounds, by .T. G. iMcKendrick and A. Gray; Schafer’s Text-Rook of 
Physiology, vol. ii, p. 1206, in which the recent bibliography is given in dclail. 

rRosapelly; Inscription des Movements Phonetiques, in Travaux de Laboratoire 
de M. Marey (Paris, 1875). 
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th. .u the movements of the lips, m,d the vihmtions of 

h. hu i nx « simultiineously recorded. Special contriva,ices were 
(\iscd foi tiiuismittmg the.se movements to three of Marev's tam- 
jouis. so arran^pd us to record on the surface of a Idackened drum 
thiec sujxu-posed curves which indicated the order of succession dura- 
lou. and intensity of the movements of the ors^ans. The emission of 
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recorded by a device which caused the pressures to act on a third taiii 
hour, as is shown in the fijjure. 



Fn.- 2.— Tracings of na^nl. laryngeal. ninl labial imiveinent.s in the i>ronunciatiou of \ ariouv j.lmnes. 

This method was found to j>ive characteristic tracincrs for the sounds 
of consonants, but the records obtained from vowel sounds were all 
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very iiiucli itlike. It was also observed that if one of the tambours did 
not act, say the one recording the vibrations of the larynx, it was diffi- 
cult to distinguish the tracings of certain consonantal sounds. Thus p 

resembled so far as the 
movements of the lips 
and the nasal pressures 
were concerned, but with 
h there is a vibration of 
the lar 3 'nx as well, while 
this is absent in the trac- 
•g ing of p. In fig. 2 is 
g shown a table in which 




is depicted the traces ob- 
tained on uttering the 
vowel a either before or 
after various consonants. 
In these tracings, p n 
indicates nasal pressure, 

V I vibrations of the lar- 
ynx, and M J movements 
of the mouth. Five ex- 
amples are giv'en of com- 
binations of A with con- 
sonants. If there is no 
emission of air from the 
nostrils, the line p n is 
unbroken and horizontal, 
but if there is emission, 
then an elevation is seen 
iis in A 3 with <i //;, or 
m n. A sinuous line in 

V / shows that the larynx 
vibrates, but if there is 
no laiwngeal vibration 
the line is straight. It 
will be observed that in 
some cases the larynx 
vibrates throughout all 
the experiment, as in A 
2, whih' in others there 


iin interruption, as in 
. 1^1- The movements of 

the lips in M / show a curve which varies in amplitude and duration 
according as the lips are more or le.ss approximated and accordimr to 
the duration of complete or partial oceludion. 
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These syUa))ic sound.s may be termed phone.-i. This r<'scareh is an 
excellent example of the application of the tfiaphic method to the 
movements of speech. The method has been much developed by 
Rous.selot" in the College de France, where there now exist.s a s^x'cial 
laboratorj^ for research in phonetic.s. 

Profes.sor Marey. whose earlier re.searches are well known to have 
had much to do with the development of the kinematograph, ('mi)loy(>d, 
so long ago as 1S8S. chronophotograph}’ to catch those evam'seent 
changes of the countenance the sum total of which give expression 
to the face in speech. In tig. 3 art' seen the changt's of expression in 



Fi(i. 4.— Photophnnp of Dcmfiiy. A, pflass disc carryiiiK the H. another di-v, perforat(‘«]. L 

cleetrit* lamp: (_>, h*ns. 


a woman's face iti .speaking during a period of half a second. If 
these successive pictures are projected by ti lantern (tig. 4) there is 
an animated face on the screen. In this way iNIarichelle succeeds in 
placing before the eyes of deaf mutes images of the movements of 
speech which the}' aie urged to imitate. 

It is intei'esting. in the next place, to trace the etlbrts that have 
been made by physicists and physiologists to record the })ressures 
produced by .sound waves, and more e.specially those of the voice. 


“ Kousseli it ; I’rincipcs ilc I’liimcticpii- ExjH'riiiicntalc i I’aris, l.SitT). 


246 


■experimental phonetics. 


Ill IS.'iS Leon Scott inventod the phoiuuitogruph seen in tig-. .I. Tn 
its tirsl fonn tills instrument giive very imperfect tracings, but it 
is of great interest as being the forerunner of the phonograph. It 
was much improved by lludolph Konig, of Paris. Bonders “ in 1868 



Fig, 5.— Phonantogrdpii Bf Leon Scott. A, par<iboloid resonator, closed at one end by a membrane, 
to which a light lever is attached. (’ is a drum covere<l with smoked paper on which the lever 
traces a curve. A'. (' rotates it moves from right to lelt. 

was the first to use the instrument in the investigation of vowel 
tone. Then came the logograph of Barlow*’ in 1876, which was a 
membrane furnished with a rigid, but light, lover, having its fidcrnm 
at the edge of the membrane, wliile the power was applied from the 
center of the membrane. This gave more accurate tracings — that is 



Fni. <s. — The soiiml b /■ h 


to say, tracings that indicated with more precision the variations of 
pressure on the membrane. E.xamples are given in tigs. 6, 7, and 8. 

In tig. 6, at a, the membrane is at rest; at « the lever is raised bv 
the sudden emission of the consonant and this is succeeded bv the 
prolonged vibration of the vowel Fig. 7 giv'es a different picture 

"Donilers: Zur Kliinsfarlie der Vocale (Ami. der I’liysik imd Cheiide, 1868). 

''Barl«\v; On the Articulation of the Ilunian Voice, as Illustrated liy the I.o^m- 
tiraph (Trans. Roy. Soc. 1876). 



fiXPERIMENTAt, PHONETICS. 


247 


for eh; A is the vowel e; b the elo.sure of the lips ut the l)eyiiiiiing 
of the consonant; this closure lasts during c, and d is due to tin' (das- 
ticity of the air com 2 )ressed in the mouth. In tig. 8, heh, we tind the 


elements of figs. 6 and 7. By the logo- 
graph the consonantal sounds w’ei-e alone 
depicted, the records of the vowels being 
veiA’ imperfect. 

There was still a demand for a recorder 
of greater accuracy. Schneebeli " in 1878 
devised an instrument seen in tig. 9. 
From the center of a parchment mem- 
brane arises a thin, but rigid, .steel plate; 
attached to this, near the point, is another 
steel plate passing horizontally from the 
edge of the, metallic ring carrying the 
membrane. The movements of the mem- 
brane are live times increased in ampli- 
tude. while the extreme lightness of the 
lever reduces to a minimum the etfects 



Fig. 9. — Arrangement of Sphnecbeh for 
reconiingmoVfUK'ut'* or a iiuTiibnino. 


due to inertia. FiXamples of curves obtained by this method are shown 


in tig. 10. 


A very sensitive apparatus, termed the Sprachzeichner. has also 




V)een introduced by Hen- 
sen^ for recording the deli- 
cate vibrations of a mem- 





yviAAAAAAAAAAAA 



Fi,, of Nsiriou'' \owels and of the consonant r 


reconlcd by the apparatus of Schneebeli. 


brane. It will be readily 
understood by referring to 
tigs. 11, 12, and 13. Valu- 
able observations have been 
made with the aid of this 
instrument by Wendeler’’ 
on consonant sounds, by 
Martens'^ on vowels and 
diphthongs, and by Pip- 
ping on vowels. 

Such are some of the me- 
chanical contrivances that 


have been devised for recording the movements of a membrane. None 


"Societc (les Sciences Xaturelles de Xeuchatel, 2.5 Avril et 20 Xuvemlire, 1S7S. 
^Hensen: Ueber der 8 chrift von 8 challl)ewegun} 5 en (Zeits. fi'ir Biologic, ISSTl. 

<■ Wendeler; Kin Versuch uber die 8 challbewegungen einiger Konsonanten ( Zeit.s. 
far Biologie, 18S6). 

''iMartens: Ueber de.s Verhalten von Vocalen und Hiphtongen in Zesi)r, ichenen 
Worten (Zeits. fur Biologie, 1,S89). 

r Pipping; Znr Klangfarlx? der (lesnngen Vocale (Zeits. fur Biologie, 1890); I'eber 
die Theorie der Yocale (Arta 8 ocietatis Scientiarum Helsingfors, 1894). 
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are fret' from error, however delieate they ma}' seem to fte. owinj^’ 
to the iiiertiii of tlii' parts, and eon.sequeiitly other arranoements 
were demanded. In istiri" Itudolpli Koiug introduced his well-known 
method of showino- the movements of membranes Ity manometrio 
flames. The apparatus is now so well known as to require no detailed 



Pin 11 — Appar.itU'i of Hcnseii. <7 WiMnlen Fkj 12 —ThoreconUn^ portion of tin* Spracbzcichner 
c, q sm<*kotl kvpt in U'> of Hensen. /. /. frame Iiaving a joint, z: l>. wooden 
j)!. ice by u '‘<Te\\' I'l.inip, n. 7<. snpporl'*. pianl. t/, smoked glas- 


description, (-las is led by a tube into a small capside of wood, the 
cavity of which is divided by a thin membrane (flo-. 14. a ). The 
^•as passes into the rio'ht half of the cavity and escapes into a small 
burner, wlirn't' it is lit. If sound waves are diverted by a small con- 
ical resonator into the left half of 
the capsule, the membranous parti- 
tion vibrates, there are alternations 
of compression and of rarefaction 
in th(‘ gas on the right side, and the 
flame i.-- agitated, moving upward 
and downward witli each vibration. 

1 h(' method of 1\ Inaitstone of dis- 
sociating the flames hy a rotating 
mii-ror is then ('inployed. and a sinu- 
ous ribbon is seen in the mirror. 
The ribbon is cut vertically into 
te<'th, some larger, some snialh'r. 
The larger, less freqmmt. corre- 
spond to the fundamental tone of 
th(' sound, tlie smaller to the harmoiucs that enter into the compo- 
sition of the compound tone on which the (pialitv of the vowel 
depends. 

These flann* pictures ai'e only seen for an instant, and many efforts 
have been made to tix them by i)hotograpldc iindhods. This was flrst 

" Kniiiir. K\|n-iieiic-cs (I’Acdustiijuc (Paris, 18.S2j. 



Fn. r; — Wniing j/nrtiuTi nf Hon-^eir'j ap7>amtU‘« 
II, II, wciglit" supporting an a.M's o. earning 
marker p, with ii i>oint ). •{ a <iise cominuni- 
fating to tile in.irker p the m«»venient'* of tiu* 
meiiiliraiic: '/. '•iiiokeil ght-s^ plate. 
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attempted l)y (terhardt" in 1ST7. He used th(' Hame of ex aiK)yc“ii. 
and the somewhat poor result is shown in tig. Itj. 

Dounier'' obtained a brilliant tiame by burning earburetted hydrogen 
in oxgen, and be also introduce<l into sueb researches a chronopboto- 
graphic method by reproducing the images of a tlaim' acted on by a 
tuning fork of known pitch. Marage,’’ to whose rescairches w(' shall 
afterwards refer, feeds the capsule with actylene, and thus obtains a 
luminous flame. The result of such an arrangement is shown in tig. IT. 

It will be observed that all manometric flames seen in a rotating 
mirror are inclined, as their composition is due to a horizontal and 
vertical translation, and the faster the mirroi- is rotated tin* more they 
are inclined. 



Fi<4. 14 — KonigN apparatus. A Manometric capsule; M, rotating mirror. 


Efforts have also been made to analyze sounds by photographing a 
ray of light reflected from a vibrating mirror. Long ago, but with- 
out photograi)hy. Czermak applied this method to the phenomenon of 
the pulse, and in ISTh Blake'' devised a mirror for thus recording 
speech. He used a small metallic plate, in the center of which was a 
small hook which is attached to a very light mirror delicately swung 
on two pivots, r, c, tig. 18. A ray of light is thrown on the mirror 
by a convex lens; after reflection it again traverses a lens and falls on 
a photographic plate in movement. Sharp, well-detined images are 
thus obtained (tig. It*). 

"Stein: Die Liclit iiii ilienste wissenschaftlii-her Forsclmiig | l.eipzi^, ]S77l. 

''Douiner: C. R. de rAcatleiiiie des Science.", l.SSti. 

eMarafie: Etude des Cnrnet Acoustinue." par la Pliotncraphie des Flaninies Mano- 
inetri(iues de Konif; ( 1897). 

't Blake: American .Inurnal nf Science and Art, !S7S: .leiirnal de I‘hvsi(pie, 1S79. 
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The amplitudes of the traciiig.s thus olitained from the tones of the 
voice were 25 millimeters (1 inch), while those of the mirror were only 
0.125 millimeter (one two-hundredth inch). 



Fk. 15 —Examples ol flame pictures obtained by Kbuig’s sy.stem of a monometrio papsule ndapted 
to two organ pipes. The figures to tUe IcXt iudioate UjO ratio Of the vibrations of the two ti>nea 
forming tin- eonipound tone 


Fig. 1G.— Vibrating flame of cyanogen photographed by Gerhard t. 

Kigollot and C'haviinon." in lS,s;i, constructed a mirror apparatus 
shown in %. 20, and Hermann,'' in 18, SO. used a somewhat similar 
arrangemt'nt, the ti-acinjr.s of which are triven in %. 21. 

".Tournal dc Physhjue, 1S.S3. ll.-nnaiin: Pfluger’s Arcliiv., 1889. 
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An ideal method for recordinjr vibrations was devised l)v Hops in 
lSt)3. ideal inasiimeh as it does not use any vibrating- membrane or lever 
or anything- having inertia. A diagi-ain is given in tig. 22 

It is based on the principle of photo- 
graphing the effects of interferences of 
light waves. Rays from a luminous 
source A pass through the lenses q q m 
as to become parallel. Thei’ then pass 
through a slit <1 and a hole in a dia- 
phragm h, and thei’ are focused bi’ a 
lens / (of 15 centimeters focal length) so 
as to fall on a glass plate S,. The raj’ 
divides into two. and and they run 
parallel, the ray a^ passing through the 
air while n., passes along a tube y (15 
centimeters in length), the ends of which 
are closed bv the glass plates h and /;,. 

A few centimeters from the tube there 
is a re.sonator, /, into which the vowels 
are sung, thus causing condensations and 
rarefactions of the air, disturbing the 
ray h while the ray passing through 
the tube g is unatfected. The two rays 
are again united by Sj: they then pass 
through an objective' c and a lens 2 - to a 
slit in a screen so as to fall on sensitive 
paper on the drum T. A diaphragm h 
cuts ott see-ondary reflections. Thus 
])eautiful images are formed coiTcspond- 
ing to the vowi'ls .spoken or chanted into 
the rt'sonator. 

The invention of the tin-foil phono- 
gra})h by Edison in 1S77 and the improve- 
ment of the instrument by the labors of 
Edison, (Iraham Bell, and others in more 
recent years has made it possible to in- 
ve.stigate phonetic phenomena with the 
aid of this instrument. In 1878 Fleem- 
iim denkin and Ewing" devised a method 
of recording curves from the imprints 
on the tin-foil covering the drum of the phonograph, and these curves 
were submitted to harmonic analysis. This was also attempted by 






" Fleeniiii^ Jenkin and Ewinv: On the Harmonic Analysis of certain Vowel Sounds 
(Trans. Roy. Soc. Edin., vol. xxviii, j). 74.5). 
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Fig. Is. — B lakt-V mirror. 


A. M. Mayer" in the .suine year. The .subject was taken up 
llennann'' about and he obtained valuable tracings l)v using the 

wax-cylinder phonograph. He succeeded in obtain- 
ing photographs of the curve.s on the wax cylin- 
der, a beam of light retlected from a small mirror 
attachi'd to the vibrating disk of the phonogniph 
being allowed to fall on a sensitive plate while the 
phonograph was slowl}' traveling. In 1891 Boeke 
measured with great accuracy the dimensions of the 
marks on the wax cylinder, and from these constructed the correspond- 
ing curve's. This method 

has also bt'cn adopted ^ — 

by iMarichelle.'^ McKen- ■ =«cnvv a 

drick' in IS'.tl photo- ■ 

graphed the marks on ^ 

the wax cylinder of the , , . , 

l)honograph. and in 1S96 , ... - - 

he devised a recorder for ^ 

enlarging the curves on IS —riiotographic tracings obtained by Blake’s method, 
the well-known principle of the .syphon recorder. In 1899 Scripture,-'" 

of Yale, investigated vowel sounds 
with the aid of the gramophone. He 
tran.scrilted. by tin ingenious mechan- 
ical device, the lUiirks on the gramo- 
phone disk into the forms of curve.s 
and made a minute amilysis. Lastly, 
Marage.''' in a series of mastmlv 
papers, reinvestigated the whole sul)- 
ject of vowtd tones with the aid of 
it chrono-ithotographic method sind !i 
speciiil form of syren inventi'd bv 
himsc'lf. 

I'he viirious e.xperimental methods 
we hiive described Inive been chiefly 
directed to an examimition of the miture of vowel sounds. M'hat 



Oy 


Fir,. *20 — Palnioptic OrtpMilo of Rigollot ami 
Cliavaiioii irraA/atJco? iKTiamiii^ to \ ibru- 
lit’ns I K 1 , (•(illoilinii iiK'inbianr. m. mir- 
ror carru-tl bvn \\ in* (\ c. '■tri‘tf‘hf<l ludwoeu 
8iij»port'- A jiml B. and rngulatfd b> tin* 
MTfw H. p. small cuIh' of India rubbrr 
re.stiny nn (-entfr of nu-iniiraiie; t. tnlit*. 


« Mayer: .Journal de Physiijue, IST.S. 

I'X full bibliographical reference to Hermann’s paper.- is given in Schafer’s Text- 
Book of I’hysiidogy, vol. ii, p. 1222. 

'Boeke: Microscopische Phonograininstndien ( Arcliiv. f. . 1 . ges. Physiol. Bonn 

Bil. i, .s, 2S»7: al-o Proc. Roy. Soc. Edin., 1898). ^ , 

'' iMarichelle: Ui Parole .I'apres le Trace du Phoiiooraphe ( 1897) 

'McKimdnck: Triuis. 8oc. Edin., vol. xxxviii, pt. h;'proc. Rov. Soe. 

Ed.n , 1S9..-9,; also Sound M ave.s as Revealed l,v the I’honogra,,!. (Lon,lon;i897). 
J scripture: Stu.hes Iron, the \ ale Psychological Laho,-ato,-y ( 1S<»9) 
i/Ma.-age: (’om.nent parlent lea Phonogmphes; I.s EverWses Aconsti,,nes chez 
Les Sour, Is MneS; hole ,le la <-haine des osselets dans I’.Indition; an.l Tla'-orie ,le la 
rnriiiiitiuii <it*s \ j)y(-lU*>8 | in>m ISH7 onwanl ). 




EXPERIMENTAL PHONETICS. 


253 


is it that gives the peculiar ipiality to the sound of a vowel >. How is 
it that we can, by the car, identify the sound of any vowel, whether it 
be spoken or sung^ How is it that if we sing a vowel on the notes of 
a scale we can still identify the vowel whatever may l)e the pitch of the 
note on which it is sung ? The scientific 
investigation of the nature of vowels be- 
gins with AYillis," who, in 182'.*, imitated 
the larynx by means of a reed, above 
w^hich he placed a resonator, tuned to one 
of the harmonics of the reed. He also 
imitated vowel tones by holding an elastic 
spi’ing against the edge of a toothed wheel, 
and he placed the vowels in the following- 
order — «//, o. < 1 . r. and •/. In each case a 
compound tone was produced which re- 
tained the same pitch so long as the wheel 
revolved at the same rate. By keeping 
the wheel revolving at a uniform rate, and 
at the same time changing the length of -.ii.— TraritiKs obtiuncd by Ber- 
the spring which was allowed to vibrate, mann of \o»ei (. 

AVillis found that the qualities of various vowels Wf'ri imitated with 
considerable distinctness. In 1837 Wheatstone.'' in a criticism of 

Willis, made some important sug- 
gestions. In 1S54 (irassmann '■ an- 
nounced a theory as follows: The 
vocal chords excite the resonances 
of the cavity of the mouth: the 
tonality changes with the degree of 
opening of tht- mouth by the devel- 
opment of some of the harmonics 
of the fundamental tone emitted by 
the larynx. According to this view 
the buccal cavity adds l)y its reso- 
nance certain harmonics to the fundamental laryngeal sound. Hrass- 
mann classified the vowels according to the number of harmonics 
which they contained in the following table: 

III! 

If 


"AVillis: Canihridtre, Phil. Trans., vol. lii, p. also .Vun. d. Phvs. n. 

ohem., I.eipzij;, Bd. xxiv, p. dUT. 

''’Wheatstone, Westminster lieview, ()etot«'r, ls:;7. 

'■(irassmann; I'lier die [diysik. Xatur des Spiaeldeute, ISTV; he had, howevei', in 
1854, enunciated hi.“ tlieory in t'ehersicht der Akustik n. der niedeiu ( tptik. 



Fin '-"J — Rnp-’-, apparatus for the aiialy-is uf 
vn%Vk*l-tone'«. 



'-s " - ('."'.V."-*.".".*.*.".'"- '.A 
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In soundinff n the mouth Is widely opened and the fundamental and 
eight harmonics are produced; in the third series, on the contrary, 
there is only one harmonic sounded, which is more and more acute as 
we pronounce the vowels in the order mi, u, and /. The vowels of the 
second series, o, eu, and e, are transitional between the first and the 
third. Thus we pass from a to mi b}' o, from a to u by ci, and from 
/I to i by c. 

Donders " showed that the cavity of the mouth, as arranged for the 
giving forth of a vowel, was tuned as a resonator for a tone of a cer- 
tain pitch, and that different pitche.s corresponded to the forms of the 
cavity for the different vowels. This he discovered by the peculiar 
noise produced in the mouth when the different vowels are whispered. 
The cavity of the mouth is then blown like an organ pipe and bv its 
resonance reinforces the corresponding partials in the rushing wind- 
like noise. Then the question was taken up ))y Helmholtz. * He 
attacked it both by analysis and by synthesis. He analyzed the vowel 
tones by his well-known resonators, aided by his own singularly acute 
ear. and he attempted to combine, by means of tuning forks, the tones 
which he thought e.xisted in a vowel, so as to reproduce the sound of 
the vowel. In the latter part of the investigation he was by no means 
successful. These investigations led Helmholtz to put forward in 
succession two theories as to the formation of vowels. The first was 
that, as in all musical instruments, the (piality or timbre of the vowel 
depends on the fundamental tone, reinforced by certai?i partials or 
overtones, of which a number are produced by the vocal cords along 
with the fundamental tone, the reinforcement d(>j)ending on tin' reso- 
nance of the cavities above the vocal cords. This thcorv was upset b\' 
the use of the phonograph. If a vow(d is sung to the phonograifii 
while the cylinder is traveling at a certain speed, the vowel tone' will 
be re])roduced with exactly the same (juality if the evlinder is driven 
at the same speed; but if it is driven faster, then the (juality (d‘ the 
vow'el will be changed, .so much .so as to be scarcelv recognizable. 
M. Marey narrates that Donders and ho first made this obs('rvation 
when it so happened that the two savants were pre.sent in Paris at a 
l)ublic demonstration of the phonograph soon after its invention. 
Donders sang the vowel tones to the instrument, and then asked the 
operator to vary the speed of the cylinder during reproduction. Tlu'n 
the vowel e became o. and c became on. Thus while the phonograph 
rej)roduces in a wonderful way the tones of musical instruments with- 
out change of (juality. it can not tran.sp<jse vowel tones without alter- 
ing their character. This special character or quality can not, then, 

" iKmders: De [(hysiolo^ie <l(*r Spniakklankcn flS70). 

''Ilcliiiholtz: Uchcr <le Vokalc. Archi\, f. d. Hoiland. Tititr. V, Nat. ii. llcilk. 
(I'trcclit, 1S.57). Sec other references given in Schafer’s Text-Book’ vol. ii, p. 1:>17 
(footnote). 
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depend on the overtones reinforced the oral cavities being simple 
multiples of the fundamental tone, and Helmholtz’s first theory had 
to be abandoned. 

This led Helmholtz to advance a second theory, as follows: Each 
vowel is characterized hi" a certain harmonic or partial tone, of con- 
stant pitch, whatever may be the pitch of the note on which the vowel 
is sung or spoken. Attempts were then made, notabh' b\' Hemholtz 
and Konig, to fix the pitch of the chamcteristic partial tone or vocable, 
and there appeared to be considerable differences in the results of the 
two distinguished observers, differences amounting to as much, in 
some cases, as three semitones. 

The next step was, as has already been explained, to ti-anscribe the 
marks on the wax C 3 linder of the phonograph, made on singing or 
speaking a vowel,- into sinuous curves and to subject these to harmonic 
analvsis. It is not difficult, in comparatively simple cases, to obtain 
a curve which is the algebraic sum of the ordinates of several sinus- 
soidal curves, but it is not so oas\’ to do the reverse operation, namely, 
to analyze the curves. Fleeming Jenkin. and Ewing, afterwards 
Schneebeli, Hensen, Pipping, and Hermann, have done this in accord- 
ance with the theorem of Fourier and the law of Ohm. In particular, 
Hermann, bj’ a beautiful and ingenious method, has analyzed the 
curves obtained by his photographic device, and has modified the 
theory of Helmholtz. His statement is that the oral cavit\' produces 
independent! V a harmonic or partial tone which has no definite relation 
to the fundamental tone emitted bv the larynx. A vowel, according 
to him, is a special acoustic phenomenon, depending on the intermittent 
production of a .special partial, or ‘'formant,'' or "characteristique.'’ 
The pitch of the “formant” ma\- varv a little without altering the 
character of the vowel. For «, for example, the “formant” nuu’ vari' 
fi'om /iq to Aq, even in the same per.son. He has also attempted, but 
not with complete success, to reproduce the vowel tones by .svnthesis. 

There are thus three theories: (1) The first of Helmholtz, now aban- 
doned, that the pitch of the partials is repre.sented bv simple multiples 
of the vibration periods of the fundamental; (2) the second of Helm- 
holtz. that the pitch of the churacteri.stic partial is alwai's fixed, but 
has a definite relation to the pitch of the fundamental; and (3) that of 
Hermann, that the pitch of the characteristic partial or “formant” is 
not absoluteh* fixed. 

The difficult}' of harmonizing the.se theories has stimulated the zeal 
of many workers, and in particular Dr. Marage" has been remarkably 
successful in his researches into the nature of vowels. He first of all 
criticizes the second theory of Helmholtz, pointing out that the failure 
to repi'oduce the vowels by .synthesis is strongly against it. Thus while, 

"Marage: Theorie de la Formation deg Voyelles, op. cit. 



256 


EXPERIMENTAL PHONETICS. 


by tuning forks, the piteh of whicii is that of the partials of the funda- 
mental tone. OH, (>, and </ may bo badly rcprodueed, it has been found 
impossilde to n'produce e and i. He then objects to the theoiy of 
Hermann, namely, that the vowel is an oral intermittent and oscillating 
tone: first, that the method of recording the vowel on the wax cylinder 
of the phonograph causes grave errors, because the mouthpiece, tube, 
air chaml)er, and vibrating disk all profoundlj- modify the vowel; 
second, that the method of analy.sis by Fourier's theorem assumes 
that the vowel curves are constituted by superposed simple curves, 
which is precisely the question at issue, and therefore the argument is 
a petitio principii; and third, that the data obtained by his method 
have not enabled Hermann to reconsti’uct the vowels with greater 
success than Helmholtz. Marage then enters upon his own method, 
which consists essentialU' of using a special apparatus constructed on 
Konig's principle of manometric flames, but so simple as to be practi- 
cally free from sources of error: that is to say. there is no mouthpiece, 
tube, or lever. The pictures of the flames were produced photo- 
graphically by feeding the flame with acetylene gas. and chrouophoto- 
metrical records were taken with ea<di experiment. He then finds that 
the flame pictures of i. v, and oc show one flame, e, el", and o two flames, 
and A three flames. So that the classification of the vowels by flames is 
exactly that of Hrassmann. Each vowel, when all errors have thus been 
got rid of by simplifying the apparatus, always gives the same picture 
for any given note. The picture is that of a continuous periodic curve, 
and the Tiumber of periods in a second corresponds to the larvngeal 
note, while the form of the period characterizes the vowtd. AVith the 
same vowel the period changes with the note. AVhen the note is near 
the pitch of ordinary speech tin* p(>riod varies verv little. This is 
not so when till' vowel is sung; the period then disappears until there 
is only the laryngeal note. Alarage has also by svnthesi^ reproduced 
the vowels with remarkable success. His tirst (‘xperiments with 
resonators were not fpiite satisfactory; he could reproduce OE. o, and 
A. but not E and i. He ascertained, however, that to reproduce a the 
resonator must be tuned to the third harmonic or partial of the note 
on which a was sung; that to rei)roduce e. eu. and o thi> best result 
was obtained when the rest)nator gave the second partial; and i. u, 
and OE were imitated (but not successfully) when the resonator was in 
unison with the larvngeal tone. 


Alarage finally devised a syren rotated by an electric motor and 
consisting of a disk having in it a triangular window representing the 
glottis. I'hc air is driven under pre.ssure through this aperturrand 
then tolls on another disk having windows cut out of it in groups 
•according to the nature of the vowel to be synthetically reprwluced. 
Thus the disk for a has four groups, each group consisting of three 
triangular slit-like windows; for u and e the disk shows live groups. 
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each consisting of two slits; and for i and ou there are many slits, 
without these being arranged in groups. The slits are very large for 
o and narrow' for e, and large for ou and narrow for i. He then 
molded a series of casts of the interior of the oral and pharyngeal 
cavities of a human subject, as these were adapted for the singing of 
the different vowels, and from them constructed masks or headpieces 
which could be placed over the syren so that the air escaping from it 
passed through the cavities of the mask. He found that if air was 
driven through the masks under a pressure of only 7 centimeters of 
water the timbre of the corresponding vowel was at once perceived, 
as in whispering. Marage’s view is that to form a vowel the true 
vocal cords vibrate in a horizontal plane, in such a way as to influence 
by their greater or less degree of approxiiration the escape of air. 

If the air escapes in three little puffs as it were (the cords vibrating 
during each puff a number of times equal to the pitch of the note on 
which the vowel is spoken or sung), so that there are intervals between 
the groups of puffs, then the vowel a is the result. The oral resonator 
is in unison wdth the sum of the vibrations and the vowel is emitted. 
If the resonater (either artificial or the oral cavity, as in life) is turned 
to the third harmonic of this note, then the vowel a is modified: the 
same applies to e and o, which have the second harmonic, and in 
passing from the one vowel to the other it is sufficient to change the 
aperature of the glottic opening. Thus for a. if the fundamental note 
is n, the oral resonator must be tuned to S/r, for e and o, if the funda- 
mental is ii'. the oral resonator gives 2n'; and for i and ou the ri'sonater 
is in unison. If this is not so, then the (piality of the vowel is much 
altered. Thus if the sj-ren gives a, and the plate used is that for ou, 
then the sound is a modified. This agrees with tin' exp('rience of 
teachers of singing, who hold that a badly sung vowel is a vowel 
sound emitted into a cavity adjusted for another vowel, ilarage has 
also found that when the sounds of his syren, aided by the masks, are 
examined b\' the manometric method, the flame pictures appear as 
they may be expected to do — that is, groups of three flames for a, of 
two for E, EU. and o, and of one for i, u, and ou. Vowels then, 
according to him. are due to an intermittent aero-laryngeal vibration, 
strengthened by the oral cavitv' and producing ou. o, a. e. and i, 
when it is in unison with the sum of the vibrations; transformed bv' 
it, and giving origin to other vowels, when there is no unison; and 
the number of intermittences gives the fundamental note on which the 
vowel is emitted. If the oral cavity acts alone, the vowel is whispered; 
if the larynx acts alone, the vowel is sung; and if tin' two act. the vowel 
is spoken. Marage has a])plied his method with much success in test- 
ing the ear and in the treatment of mutes who are not absolutely deaf. 
His memoir is characterized by great simplicity and at the same time 
by thoroughness. 
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But the study of vowels is not the onl^’ result of recent research in 
phonetics. The anah’sis of con.sonantal sounds is now being carried out 
by vai’ious workers, such as Pipping, Scripture, and Lloyd. Meyer, 
in Hermann's laboratory, has inve.stigated the pitch of words, sen- 
tences, and syllables in speech. This has also been studied by phono- 
graphic tracings by Marichelle. The whole subject has also a practical 
bearing, as the knowledge aci|uired enables the teacher of deaf mutes 
so to instruct his pupils in the use of their organs as to avoid the 
dreary monotone of those who learn to speak by watching only the 
movements of the lips. 

It onlv remains to notice the remarkable monograph of Jespersen. 
This is an attempt to aid the study of phonetics by the use of a scien- 
tific nomenclature to express sounds, so that just as the chemist 
represents by letters and figures the nature of a chemical substance 
of complex constitution so the student of phonetics may be able to 
express the sounds of words by .symbols. The visible-speech .system 
of Melville-Bell consisted of symbols which expres.sed more or less 
accurately the physiological movements to, be made, or the posi- 
tion to he assumed during the pronunciation of a given sound; but 
the .symbols of Jespersen are letters and figures. The letters or 
figures, however, to be u.seful must have a physiological meaning. 
Strictly speaking, the .symbols denote, not .sounds, but the elements of 
sounds. Thus so simple a sound as ni is physiologically the result of 
{n) lips shut; (//) point of tongue resting in the bottom of the mouth; 
(<‘) surface of tongue not raised toward the palate; {d) na.sal pas.sago 
open; (c) vocal cords vihi-ate. and {/) air expelled from lungs. The 
attempt of Jespersen may be called an alphabetic system of writing, 
.symbolizing, not .sounds, but the elements of .sounds. At pre.sent it 
is severely technical, but it .seems to “provide a means of writing 
down and dc.scribing phonetic minutite in a comparatively easy and 
unambiguous manner." It will do for the phonetician what .symbol- 
ism does for the mineralogist. It is a kind of algebra for .speech 
sounds. 

In advocating the establishment of a photographic museum, to be a 
visual register of the past, Jans.sen recently wrote as follows: “Pho- 
tography registers the chain of phenomena during time, just as 
writing regi.sters the thoughts of men during the ages. Photography 
is to sight what writing is to thought. If there is anv difference, it 
is to the advantage of photography. W riting is subject to conven- 
tionalities from which photography is free; writing employs a partic- 
ular language, while photography .speaks the universal langiiao-e.” 

But if there is to be a mu.seum of photographs, appealino- to the 
sense of sight, why should we not have a museum of .sounds, in the 
shape of phonograph records, appealing to the sen.se of hkring'f 
How little can we tell from written characters the exact .sounds of 
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ancient Sanskrit, or how Demosthenes spoke in Greek or Cicero in 
Latin? Would it not now be interesting to hear the exact accent of 
old English, or the Scotch of the fifteenth century? All dialects 
should be carefully registered and put aside for future consultation, 
and thus we would do for the ear what we do for the eye. No doubt 
such a collection of phonographic records would help onward the 
science of language. 




WIRELESS TELEGRAPHY— ITS PAS'r AND PRESENT 
STATES AND ITS PROSPECTS. ' 


By William Ma\ kr, ^ Y .'‘ 


Long before the dawn of the Christian era wireless methods of com- 
municating intelligence to a di.stance were employed — not electric tele- 
graphs as the term is generally under.stood. it is true, but wireless they 
certainly were, and perhaps as this article proceeds it will not be ditK- 
cult to perceive a close relationshij), as regards the nature of the com- 
municating medium employed, between .some of the wireless telegraph 
systems in vogue thousands of years ago, e.specially those that 
employed the luminiferous ether as the communicating medium, and 
the wireless telegraph systems of to-day. in which case it would simply 
be another verification of the old proverb, '•There is nothing new 
under the sun.” 

Polybius, the Greek historian, describes a telegraph systen! 
employed for military purposes, 800 B. C., in which torches were 
placed on high walls in prearranged positions to correspond to letters 
of the Greek alphabet, and by a suitable maiupulation of the torches 
messages were thus transmitted to a distance. The Gauls, too, wert‘ 
wont to transmit important intelligence to a distance by a cruder but 
simpler method. A messenger was sent to the top of a hill, where he 
shouted his nies.sage, apparently to the winds. Soon from afar a 
voice answered him, and this voice repeated the message to another 
listener farther on, and thus, from one to another, the message sped, 
and it is recorded that in three days a message calling all the tribes of 
the Gauls to arms traveled in this way from Auvergne to the forests 
of Amorica in one direction and to the banks of the Rhine in another. 

Later on came another wireless telegraph system — the semaphore 
telegraph — which was in operation all over Europe prior to and for 
some time after the introduction of the electrii' telegraph. This sem- 
aphore telegraph employ ed arms on po.sts akin to those seen to-day 
along every railway in the world, and a certain position of the arms. 

"Reprinted by permission, after revision by the autlior, from t’assier's Ma^nizine, 
January, 1902. 

^-Author of American Telegraphy and JIaver’s Wireless Telegraphy. 
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like the torches in the Poh bius sj'stem, corresponded to certain let- 
ters of the alphabet, and bA' varying the position of the arms as 
required experts were able to transmit messages from one station to 
the other at the rate of two or three words per minute. The towers 
on the top of which the semaphores were erected were often 50 to 60 
feet high, and were placed on eminences about 6 or 8 miles apart. In 
Russia alone there was a string of these towers from the Prussian 
frontier to St. Petersburg, a distance of 1,200 miles or more. Then, 
after the electric wire telegraph, came the electric wireless telegraph, 
and perhaps even a cui’sory review of this subject will show that it is 
not of as recent oi igin as it is popularlj' thought to be. For instance, 
it is known that over one hundred and fifty j'ears ago electric signals 
were sent without wires across lakes and rivers. Dr. Watson, bishop 
of Landorff. then sent electric shocks across the Thames, and, subse- 
quently, through the New River at Newington. Similar experiments 
were made by Franklin in 1748 across the Schuylkill at Philadelphia, 
and bj" Du Luc, a year later, across the lake of Geneva. In these 
Instances, however, the water or earth was the conductor of the elec- 
tric impulses. 

It is fairly well known also that during the past fifteen or eighteen 
years there have been in limited u.se a number of wireless telegraph 
s}\stems which have sometimes been termed induction telegraph sys- 
tems, and in which electromagnetic impulses, or waves, are employed, 
^uch systems are based upon the phenomena of mutual induction 
between wires, discovered by Faraday and Henry. Henry’s experi- 
ments, made half a century ago, were chiefly with flat coils of wire, 
one opposite the other. When the circuit of one of such coils, con- 
taining a batter}', was opened and closed, it was found that an electric 
current was set up in the other coil. This action also takes place 
between two straight, parallel w’ires, and when these parallel wii’es are 
sufficiently long, and the electromotive force in the transmitting wire 
is powerful enough, signals may be received in a telephone or other 
sensitive receiver, even when the wires are separated a distance of 
several miles. 

In 1892 Sir William H. Preece succeeded in transmitting Morse 
signals by this method to a distance of more than 3 miles, between 
Penarth. on the mainland, and the island of Flat Holm, in the British 
Channel, using a telephone as the receiver. More recently the same 
experimenter has met with succe.ss in establishing a wireless telephone 
circuit by means of which speech is transmitted between the Skerries 
light-ship and the mainland of Anglesey — a distance of nearly 3 miles — 
the parallel wire on the Skerries Islands being 750 yards in length and 
that on the mainland 3.5 miles in length, the ends of each wire terminat- 
ing in the sea. On these .sy.stems both magnetic induction and electric 
conduction through the earth and water are utilized. 



Plate I 
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Remarkable as these i-esults are, however, tliey have been almost 
totally overshadowed by those wireless telegraph systems in which 
electric waves, or ether waves, are utilized, and of which the Marconi 
wireless telegraph sj’stem is the best known. It is of this latter sys- 
tem, as representing, so far as the writer is aware, the most advanced 
development of this art, that the present article will briefly treat. It 
would obvious!}" be far beyond the scope of a necessarily limited 
account to deal with all the wirele.ss telegraph inventions that have 
been announced within the past few years. 

When, in 1864:, Clerk-Maxwell, who wa.s, perhaps, the most noted 
mathematician of his day. made announcement of his celebrated elec- 
tromagnetic theory of light, which theory involved the existence of 
electric waves in free space, many of the prominent physicists of the 
time set themseh^es the task of demonstrating by experiment the truth 
of this theory. It was not, however, until 1887 that the actual exist- 
ence of electric waves in free space was demonstrated, the great 
honor of this accomplishment falling to Prof. H. Hertz, after whom 
such electric wav"es are now almost generally termed "Hertzian” 
waves. The old popular idea of electricity hardly conceived it as 
existing outside of a wire or other metallic conductor. The air was 
an insulator, and how, therefore, could electricity exist apart from a 
wire! Maxwell overturned this view, and told us that just as under 
the undulatory theory of light that which we call light is a result of 
ether vibration, so also is electricity a result of ether v'ibratiou. and 
that in so far as light and electricity differ it is only a question of 
the rate of vibration of the ether, those undulations of the ether 
which the eye recognizes as light occurring at a rate varying from 
400,000,000,060,000 to 700,000,000,000,000 per second, while tin' fre- 
quency of the electric undulations of the ether vary from a few hun- 
dreds or thousands to 200,000, 000,0tK),0t)0 per second. 

• According to the undulatory theory of light, the undulations of the 
ether, of the frequency just mentioned, are set up by any source of 
light. Similarly, according to Maxwell's theory, undulations are set 
up in the ether by any soui’ce of electric oscillations — analogously, for 
example, as waves are set up in the atmosphere by a source of sound. 
Also, as those ether waves which correspond in frequency to light 
affect an organ of sight when they fall upon it, and as sound waves 
affect an organ of hearing when they fall upon it, so, it was reasoned, 
should the electric waves of the ether affect a .suitable electric "eye,"’ 
or receiver, when they fall upon it. 

The manner in which Professor Hertz proceeded to show the exist- 
ence of electric waves in free space was, briefly, as follows; It was 
already known that electric oscillations could be set up in a well- 
insulated wire or conductor; in fact, that the discharge of the Leyden 
jar is made up of a series of electric oscillations, as had been shown 
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l)y Lord Kelvin in 1853. Hertz set up electric oscillations by means 
of an electric oscillator, shown in tig. 1. This consists of an ordinari' 
larg(' induction coil. A, the terminals of the secondary coil being con- 
nected to brass l)alls, or knobs, and to which short metal rods, or 
wings, //•. are attached. The knobs are separated by a small air space, 
across which sparks jump when the coil is in operation. At such 
times electric oscillations are set up, the rate of which varies with the 
electi'ical dimensions of the circuit. 


Hertz assumed that if the electric oscillations thus produced set up 
corresponding waves in the ether of free space, these waves should, 
in turn, set up electric oscillations of corresponding frequencj^ in 
a suitable receiver, or ‘'ei'e." within the range of their influence. 

He therefore adopted as a detector 

O of these waves a copper wire, D 

(tig. 1), of nearly circular shape, 
about Id inches in diameter, but 
broken at one point. On the ends 
of this wire he placed small metal 
knobs, the distance between which 
could he easily regulated. This wire 
was held by an insulated handle, a 
few feet from the oscillator. With 
the room darkened, minute sparks 
were observed passing between the 
discharge knobs of the receiver; and 
the results of this simple experi- 
nnmt have ])ecn gencually accepted 
as proof of the existence of electric 
waves in free space. 

Heitz, however, was not satisfied 
with this demonstration of the accu- 
racy of Maxwell's theory, but also, 
in the coui'se of his subsequent mas- 
terly (‘xperiments. showed that, like sound, heat, and light waves, 
the Hertzian waves could also he reflected, refracted, concentrated in 
parallel rays, and to a focus, etc. 



15y the Hertz receiver the distance at which electric waves could 
be detected was very limited, perhaps 10 or 13 feet at most, and 
hence it is not likely that mucli would have been done in the utiliza- 
tion of Htu tzian waves for telegraphic purposes had progress rested 
there. Fortunately, it did not. Shortly after the experiments of 
Hertz. Dr. Branly discovered that loo.se metal filings, which in a 
normal stati* have a very high electrical resistance, lose this resistance 
in the presence of electric o.scillations and become practically conduc- 
tors of electricity. This he showed by placing metal filings in a glass 
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tube and making them part of an ordinary eleetric eireiiit (see tig. 2). 
When electric waves are set up in the ncighljorhood of this circuit, 
electromotive forces are generated in it, which appear to bring the 
filings more closely together — tliat is, to cohere- and thus their elec- 
trical resistance decreases, from which cause this })iece of apparatus — 
the tube and its tilings — is termed a '■ coherer."’ Hence, tlie rt'ceiv- 
ing instrument, (f, in tin' tigure, 
which maj' be a galvanometer or 
a telegraph relav, that normally 
would not manifest any sign of 
current from the small battery, 

B, will be operated when electric 
oscillations are set up. Profes- 
sor Bi’anly further found that 
when the tilings had once cohered 
they retained their low electrical resistance until shaken apart, for 
instance, b}’ tapping on the tube. 

In 1894 Dr. 0. J. Lodge showed that the Branly coherei- could be 
emplo 3 'ed to transmit telegraphic signals, and in order that the tilings 
might not remain "cohered” after the ee.ssation of th(> electric oscilla- 
tions, he devised a mechanical "tapper," on the principle of the 
common electric doorbell, the hammer of which was caused to tap 
^ the glass tube as long as the electric o.scillations continued (tig. :•>). 
I The tilings thus virtually take the place of a key in the ordi- 
? naiy telegraph circuit. In the normal state the ke\' is ojien; in 
3 the presence of electric o.scillations the k('y is closed. Thus, 
lyv opening and closing tin' k('v for a longer or shorter period, 

signals cori’espondiug to d<)ts and 
— dashes may be produced. In othi'r 
words, by setting up electric oscil- 
lations for periods of time corres- 
ponding to dots and dashes, mes- 
sages niav bo transmitted, and if 
at the receiving station a record- 
ing instrument (controlled by the 
■■= coherer), such as is used, for in- 

Fill. 3 — lappor I’oppoff vertical M ire stance, in the \\ hoatstonc iiuto- 

‘“'lEii. matic telegraph svstt'in," be pro- 

vided, a record of the me.ssage in dots and dashes is olttained. And 
this, in short, is what is done in wirele.ss telegraph}*. 

In 1895-9t) Poppotf and others utilized the coherer to show the 
existence of atmospheric electricity, using for the purpose a vertical 
wire connected to the coherer, as shown in tig. 3. 

“ besfiitted in tiie jnef-eiit author’s Aiuericiiu Teh‘t;rai)hy. 
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-Dotail^s of Maroom’s transmitting 
system. 


While Dr. Lodge has since done important work in connection with 
wireless telegraph^', he was, at the time mentioned, presumably more 
absorbed in the subject from the purely scientitic standpoint than 
otherwise, and although he then, in ISW, intimated that signals 
might be transmitted to a distance of half a mile by Hertzian 
waves, it was not until Marconi l)egan his memorable work that 
lealh’ practical results were obtained. 

In the operation of his wireless telegraph sj stem Marconi uses 
an electric oscillator (figs. 4 and 5), the Branlv coherer I, the Lodge 
tapper f, in a local circuit, and the Poppotf vertic.al wire A, at 

the sending and receiving stations, all of 
which devices, as has been shown, were 
well known, and it has been bj- modify- 
ing, improving, and perfecting these 
devices, and by adding others, that 
Marconi has been enabled to obtain his 
excellent practical results. The im- 
provements and additions that have, 
perhaps, conduced more than anjdhing 
else to the first successful results ob- 
tained by Marconi were those that re- 
lated to the coherer and the vertical 
wire. The sensitiveness of the coherer 
he increa.sed greatly by diminishing its size, compared with the Branh’ 
coherer, and by employing a mixture of nickel tilings and silver — 90 
per cent of the former and 10 per cent of the latter metal. He 
also placed the few tilings u.sed in a vacuum. The other instru- 
ments. shown in fig. 5, are the relay. K. eontrolled bv the 
coherer, and an ink-recording instrument. K, controlled by 
the relay. This figure dliistrates the earlier arrangement of 
Marconi s devices. In it the coherer is 
directly connected with the lower end of 
the vertical wire by one of its terminals 
and with the earth by its other terminal. 
In his later work, Marconi has dispensed 
with the tilings coherer, now emploving 
a magnetic detector, which is much more 
sensitive than the coherer and does not 
re()uire tapping. 

Beginning his experiments in Italy in 
1S95 with vertical wires 20 feet in height, 
Marconi found that he could get signals 
at a distance of 1 mde, and that bv dou- 
bling the height of the vertical wire at both stations signals coMd be 
transmitted to four times that distance. Thus, with wires 40 feet 
high he could signal 4 miles, and with wires So feet high, 16 miles. 





Fig. 5. — Outline of Marconi’s earlier 
devices 
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Since then Marconi has steadily increased the height and nninber of 
the vertical wires, and also the distance to which signals can be trans- 
mitted through free space, and in his latest tests about n(» vertical 
wiles over 250 feet high are used, and the distance to which signals 
are transmitted is over 2,0tM) miles. 

The amount of electrical energy emploj'ed in setting up the electric 
oscilfations for a distance of, say, 200 miles is about 1.50 watts (10 \ otts 
and 15 amperes), or about one-lifth of a mechanical horsepower. The 
source of the electrical energy is a storage batterv, which latter is 
usuall}" charged bv a large number of diy cells. In passing, it may be 
Iji^ remarked that an ordinaiy telegraph relay may be operated 

I S at a distance of 200 miles at an expenditure of 3 watts at 
|H the transmitting end of a telegraph wire, or with one-tiftieth 
|H of the energy u.sed in operating the electric oscillator in 
;■ question. The actual energy required to operate the tele- 
I graph relay is about 0.24 of a watt, the re.st of the energ}' 

being consumed in the wire itself. 
It must not, however, l)e assumed 
from this that the coherer is a less 
sensitive electric receiver than the 
relay; nor will it be, when it is 
reflected that the electrical energi' 
expended in the case of the relai* 
is, so to speak, mainly contined 
to the wire, as, analagously, sound 
waves are confined within a .speak- 
ing tube, whereas the electrical 
energy of the oscillator is radi- 
ated into .space in every direction, 
and thus but a small ixjrtiou of the total energy reaches the receiv- 
ing vertical wire. It has been calculated that the electrical energy 
received on a surface 1 foot square at a distance of but 1 mile from 
the o.scillator is less than one three-hundred-millionth of the total 
energy radiated, and it may be noted the energy actually radiated as 
electric waves is a mere fraction of the energy consumed in and at the 
oscillator. 

From the results obtained by Marconi and others it appears that 
the effect of increasing the length of the vertical wires is to give a 
greater radiating surface at the transmitting end and to present at the 
receiving end a larger surface upon which a greater number of circles 
of waves may fall, each circle of waves adding to the electrical energy 
.set up in the receiving vertical wire. This view is seemingly borne 
out by experiments made by Marconi with a metal cylinder 4.1 feet 
high and 1.3 feet in diameter, with which arrangement signals have 
been transmitted over 31 miles (fig. 6). The chief object of this 





268 


WIRELESS TELEGRAPHY. 


ari'iinoenient, however, is to secure a radiator having large capacity 
for syntonic piirpos(\s, to be referred to presently. 

Tlie vertical wire is usually of stranded copper, about one-fourth inch 
in dianader. although Marconi for this purpose uses also strips of wire 
netting about 2 feet broad. On land the wire or netting is supported 
by masts of proper height, seeurelj' guided. On ships the ordinary 
masts suffice. It is not necessary that the wire be suspended strictl}" 
vertically so long as the desired vertical height is obtained. The wire 
is thoroughly insulated from the mast at the top bj' sticks of rubber or 
ebonite, and is led in through an open window or hatchway to the 
room where the transmitting and receiving apparatus are situated. 
This thorough insulation is necessary, because, although the discharge 
knobs of the oscillator are sepai-ated by an air space of only half an 
inch or loss, the induction coil used in connection with the oscillator 
is often capable of producing a spark that will jump 1(1 or 12 inches 
through air. The actual appearance of the induction coil, discharge 
knobs, vertical wire, etc., is well illustrated by the upper ligure on 
Plate III. The heavy current and high pressures in the circuits of the 
oscillator have necessihited the employment of a much larger ke}' for 
manipulating the oscillator circuits than is used in ordinary Morse 
telegraph}'. 

At an early period of the practical history of Hertzian-wave teleg- 
raphy it was seen that the usefulness of this art might be considerably 
curtailed by the fact that but one message coidd be transmitted 
between any two stations within the sphere or “radius" of influence 
of a transmitter, since the attempt to transmit even two messages at 
one time would result in an unintelligible mixture of both messages. 
Several inventors have been at work trying to overcome this defect, 
and. it is claimed, with success, notably Dr. Lodge. Sig. Marconi, and 
Dr. Slab}’. The plan followed by these gentlemen has ])een that of 
employing a syntonic or tuning methiMl; that is, the transmitting and 
receiving circuits are adjusted or “attuned" to a given rate of 
electrical oscillations. 

It is a well-known experiment that when two tuning forks having 
an identicid fundamental rate of vibrations are placed in suitable 
proximity either fork may be set into vibration by air waves set up 
by the other fork and neither will be set into vibration by another 
fork of a difl'erent note. The tuning fork is a persistent vibrator by 
virtue of two (lualities which it pos.sesses— elasticity and inertia. 
When struck a smart blow, it moves from its point of rest; directlv 
its elasticity returns it to its point of rest, its inertia carries it past 
that poiid, its elasticity returns it to zero point, inertia carries it past, 
and so on, until the resistance of the air and other causes stop it. 
Analogously, an electrical circuit may be given, in almost any desired 




Fig. 2. The Nantucket Lightship, Equipped with Marconi Apparatus by Means 
OF WHICH ALL PASSING WHITE STAR, CUNARD. AND OTHER ATLANTIC STEAMERS ARE 
Signaled to the Nantucket Island Station Shown on Plate IV. 
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2. The Wireless Telegraph Station of the Nevv York Herai n at 
SiAscoNSET. Nantucket Island, Massachusetts 
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proportion, the equivalents of mechanical inertia, elasticity, and resist- 
ance, in inductance, capacit3', and ohmic resistance, respectively; and 
the rate of electric oscillation of a circuit maj- be varied bj" 
varving these factors — the smaller the factors the higher the 
rate of oscillation. 

When, then, the receiving circuit of a wireless telegraph 
system is accurateU' tuned to oscillate in harmony with the 
transmitting circuit, which can be done by giving the respec- 
tive circuits practicalh* equal inductance, capacitv, and resis- 
tance, the receiving circuit will respond onl}' to the oscillations 
set up hj’ a transmitter correspondingh' tuned. At least, this 
is, briefl}’, the theorj' on which these experiments are based, 
"“j In experimenting, Marconi and others have, it is stated, found 
that perfect syntoni' between the respective stations is not 
absolutel}' essential, but that if there is 
a marked divergence of frecpiencv of 
oscillation between them the receivers 
will not respond to any but their cor- 
resjxindingl}' attuned transmitter’s. 

The arrangement of Marconi's tuned 
transmitting and receiving circuits is 
outlined in tigs. 7 and S. It will there l)e 
.seen that the oscillator and the coherer 
are not connected to the earth, as in 
Marconi’s iirst experiments, but are 
kept in electrical connection therewith 
In tig. 7, .1 is the vertieal wire, which is 
The end of the wire (L 



' —Marcum's tutifl tran'*nuttiiijr 
firoiiit. 


bv a small induction coil T. 
attached at its lower end to a coil of wire //■. 

which forms part of the secondarv wire of the induction coil 
mav be connected to an\’ desired turn of the coil B}’ this 
means the inductance of the vertical wire circuit ma^’ bo varied, 
and its oscillation period therebv be made to corre.spond with 
that of the circuit i?, of the o.scillator, which includes the pri- 
maiy wire of T; C is an adjustalde condenser of verj^ small 
capacit}’, b\- vary ing which the oscillation period of the circuit 

mai’ readily be varied. An 
electrical condenser is vir- 
tually a Lej’den jar. arranged 
in a convenient form. In this 
case it consists of a few sheets 
of tin foil or copper, the alter- 
nate sheets being separated 
from each other b v thin sheets 
of paraffin paper. A key controls the storage batterv circuit, as 
shown in fig. 7. and. therebv. the oscillator circuit; J/is the induction 
coil of the o.scillator. 





FKi. s, — The tuned receiving cinuit. 
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The tuned reeeivintr apparatus is shown in fig. N. In this figure, A 
is again the vertical wire with the turns of wire to which is attached 
the primary wire p of the induction coil T,' d is the secondary of the 
same induction coil; ch are “choke” coils; I' is the coherer, c is a con- 
denser. and R is the relay. The induction coil T acts virtually as a 
stcjj-up transformer, materially enhancing the electromotive forces of 
th(' received oscillations, and thus increasing the signaling distance. 

Marconi has found it important that the oscillation period of the 
coherer circuit, shown in the figure in solid lines, shall be the same as, 
or an octave of, the oscillation period of the vertical wire circuit, 
shown by the dotted lines. This can be done by making the secondary 
coil 2>^ of the coil equal the length of the vertical wire A. The 
transmitter circuit is then adjusted so that its oscillation period cor- 
responds with that of the receiving circuit. This is brought about by 
\ arving the capacity of the condenser in fig. 7. The method of obtain- 
ing this "balance," as practiced by Marconi, is to begin with very 
little capacity in the condenser, and adding to it until the best results 
are obtained at the receiving shition. If, when the best results are 
obtaim^d, still further capacitt' is given to the condenser in the trans- 
mitting circuit, the signals fade away, showing that then the two circuits 
are out of harmony. 

Mai’coni also found that b}' means of tuned apparatus a much greater 
distance may be reached, with a given soui'ce of electrical energy and 
height of wires. For example, a transmitter which would atfect a 
tuned receiver 3(i miles away would not atfect a nontuned receiver 
ItJO feet distant. This, it may be a.ssumcd, is because in the case of 
the tuned receiver the faintest oscillations, or electromotive forces, set 
iq) in the receiving circuit by the incoming waves are in unison with 
those waves, and successive incoming waves amplify the oscillations in 
the receiver circuit until they atfect the coherer; whereas the oscilla- 
tions which the same waves tend to set up in the nontuned receiver 
circuit are, so to .speak, out of step with the natural rate of o.seillation 
of the nontuned circuit, and thus as frequently oppose as assist the 
natural oscillations of the circuit. 

In connection with the experiments carried on by Marconi, it is 
reported that two different mes.sagcs have been received at one time 
on a vertical wire, two .sets of receiving apparatus, each attuned to a 
different rate of o.scillation, being connected with the .same wire. To 
those who have had experience with Gray's harmonic svstem of wire 
telegrajjhy." in w'hich three and four instrumeids, attuiu'd to transmit 
and to receive different rates of electrical current pidsations, have 
l)een successfully and separately operated on one wire, this will not 
app('ar astonishing, since it is quite conceivable, if it be granted that 
wii'eless transmitting and receiving apparatus can be succe.s.sfullv 
attuned, that two or more receiving instruments might be connected 

“Described in Alavcr’s American Telegraphy, fifth e<iition. 
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with one vertical wire, and each set of apparatus select and respond 
oidy to the particular rate of oscillations to which it is attuned. 

However, while the successful operation of contiguous tuned cir- 
cuits is quite within the possibilities, it is reported, as a result of 
numerous tests in France and elsewhere, that freedom from inter- 
ference with tuned apparatus is not yet secured. But if by the use of 
tuned apparatus nothing else were gained than the ability, with a 
given amount of electrical energy and a given height of vertical wire, 
to transmit signals to a greater distance than is possible with untuned 
apparatus, it must be considered a decided advance in the art, and, 
judging by the whole prog-ress of electrical telegraphy, it is safe to 
say, when so much has alreadj" been achieved, that the necessary 
improvements to obtain at least practical freedom from interference 
between adjacent apparatus will ultimately follow. 

The specimen of a dot and dash wirele.ss telegraph record given in 
Fig. 9 is a facsimile of bulletins ‘‘caught on the wing’’ during the 
yacht races of 1899 in Xcw York Harbor. Mr. Marconi had his 
apparatus on the steamship Ponce, and was sending bulletins of the 
progress of the race to the Mackey-Bennett cable ship, some miles 
away, when this specimen and many others were recorded by a set of 


H 


R 
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W 
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FKi. 9. — Specimen of a dot and tin'll! m irvlrss tvloKraph m uni. 


Clarke wireless telegraph apparatus which the winter was supervis- 
ing on the steamshii) Le (Irnnd, Jhichexxe. This was probably the 
hist instance of tapping Hertzian wave signals, in the United States 
at least. It will be understood that Shr. is an abbreviation for Shom- 
rock. Other abbreviations were used in these bulletins, as Col. for 
Cohunbia; abt. for about; bd. for board, etc. The present .speed of 
signaling by wireless telegraphy when the hlings coherer is used, is 
from 10 to 20 words per minute; but it .seems rea.sonable to expect 
that, with further improvements in the art, expert manipulators 
of the key should eventually attain a considerably higher speed of 
transmission. 

For practical purpo.ses there is not much doubt that wireless teleg- 
raph}" will hud its greatest held of u.sefulne.ss between vessels at .sea, 
or between vessels and the mainland, or between points divided bv 
the sea where it is not deemed feasible or prohtable to lay a cable. 
Numerous examples of such uses are already in evidence. There is, 
for example, a wireless circuit lietween some of the Sandwich Islands; 
another between the Lizard. Cornwall, and St. Catherines, Isle of 
Wight, 186 miles apart, and between Poole and St. Catherines, 31 
miles apart. The British Admiralty have also adopted the .sy.stem for 
many of their war ships and for some of their land stations. In all, 
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they have about 40 tsets of such wireles.s telegraph apparatus installed. 
The length of vertical wire of these .stations is about 150 feet. The 
war ships thus equipped have signaled each other when lOO miles 
apart. The wireless system is also installed at different points on the 
continents of Europe and America — at La Panne, Belgium, for exam- 
ple, and at Dorkum Island in the North Sea off the mouth of the Ems. 

A number of light-ships have also been equipped with the wireless 
telegraph systems; for instance, the Goodwin Sands light-ship, the Bor- 
kum light-ship. 2.5 miles from the island of that name, and the Nan- 
tucket light-ship, off the Massachu.setts coast, from which station 
passing ve.ssels are daily reported to the mainland. 

Many mercantile steamships have also been equipped with the same 
system, notably the AT/Av/' WiJh,hn dt-r G/m-w. of the North German 
Lloyd Steamship Company, the iJi utxcJdand, of the Hamburg-Ameri- 
can Line, and the vessels of the Cunard Line, and many others. Fre- 
quently vessels thus equipped have communicated with one another 
bv wireless telegraphy in mid ocean, and while out of sight of each 
other, communication being thus kept up for hours while the vessels 
were passing in opposite directions. 

There is litth' doubt that the use of wirele.ss telegraph .systems by 
the na\ ies of the world will become general in the near future. There 
are .-.ex eral reasons why such systems are especialh' applicable to, and 
desirable on, war \ (‘ssels. which depend so largely on signaling. For 
instance, signaling by the Hertzian waves is mon* successful over 
water than ovi'r laud, greater distances being reached over water. 
The vessels already carry the nece.ssary masts for the vertical wire.s; 
the apparatus, ineduding batteries, does not re((uire to be portable; 
there is at present no other practicable method of .signaling at .sea to 
a distance of even a few miles in foggy or hazy weather. 

ATth regard to tin* use of w ireh'.ss telegraphy for military purpose.s 
ill actual warfare, the prolilem is somewhat different and the ob.sta- 
(des to its Use are considerable. Thus the question of obtaining and 
transporting the masts for the vertical wires is a serious one. This 
was one of the difficulties met with in the South African war. The 
matter of providing in an easily portable and reliable form the elec- 
trical energy recpiired for the operation of the oscillator is also likely 
to be rather difficult under some circumstances. Should the cylinder 
arrangement employed by Marconi be found suitable for land work, 
this would be a deidded gain, and if by this means a reasonable dis- 
tanc('. say 1.5 to 50 miles, could lie covered by w ireless telegraphv, it 
would be a very valuable addition to military signaling in the field. 

Then' is. however, nearly alway.s in land operations the alternative 
of w ire telegraphy, and while the difficulties of transporting the poles 
and wires for such .systems are frequently verv great, thev have rarely 
been found insurmountable, and where this may be the case, as when 
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an enemy is between a relieving ariiw and a beleaguered garrison, it 
is very probable that the enenn'. b 5 ' keeping up a cross tire" of 
electric waves, could prevent communication by means of wireless 
telegraphy with the beleaguered army. 

As to the commercial or monetary \alue of wireless teleg-raphy, it 
is yet too early to comment. Commercial trans-Atlantic wireless 
telegraphy has been promised since the early part of 1901, but it is not 
yet, at the (uid of 1902, accomplished. It is understood that the iNIar- 
coni Company receives from the British Admiralf}’ .€loo pm- annum 
for fifteen years, presumably during the life of patents, for each sta- 
tion equipped. The Borkum lightship is what may be termed a wire- 
less telegraph “pay station," and according to the Crerman postal 
authorities, which <'ontrol this station, 505 messages were handled 
during five and a half months, or about three messages per day. of 
which 518 messages came from ships at sea. while 47 were transmitted 
to ships. A large percemtage of those messages were to and from 
North Clerman Lloyd steamers. 

Since the first announcement of Marconi's successes with wireh'ss 
telegraph!' many aspirants for honors in the Siune field hav(' naturally 
arisen, but so far as actual commercial results are concerned Marconi 
has hitherto kept well ahead of other workers along this line. But 
more recently such companies as the De Forest in this country and 
the Slabo-Arco and the Braun in Europe are operating in numerous 
instances with success. 

To obtain the greatest degree of uscfulne.ss from wireless telegraphy, 
when it is om[)loy(‘d to prevent collisions at .sea and to send informa- 
tion from vessels in distress or when approaching or departing from 
their respective harbors, which are popularly supposed to be the func- 
tions for which this system is especially adapted, it would appear to be 
essential that every vessel sailing the main should be eejuipped with 
the apparatus. The writer can say from e.xperience that it reijuires 
a considerable degree of expertne.ss to maintain the apparatus in proper 
working order, and even when code signals only are employed a fair 
amount of intelligence is la'quinal. It is therefore a question whether 
the reciuisite skill and intelligence would be available at all times on 
all kinds of craft. 

There are, however, doubtless a great many places where the neces- 
.sary expertness of operators is available, and in which, therefore, the 
full value of the system will be realized. In fact, it may be stated 
i that a vastly larger employment of wireless telegraphy is already 
assured, since the Lloyds, whose extensive maritime interests are 
world-wide, have entered into a contract with the Marconi Interna- 
tional Marine Communication Company to eipiip all their coastwise 
signaling stations with this system, and to transmit and recen e mes- 
.sages to and fiom all jiassing vessels .similarly e(|uipped. at a regidar 
SM 1902 18 
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taritt rate ot al)Out 12 rents per word, this agreement to extend over 
a period of fourteen yiairs. and in this country as well as in Europe. 
Already in the comparatively few instances where the system has 
been introduced its great utility and importance have been amply 
demonstrated. 

A number of vessels e(juipped with wireless telegraph apparatus 
hav(' signaled for aid for themselves and for otheu- vessels in distress; 
necessary supplies for light-houses have by this means })een procured 
in emergenci(>s. and in other ways life and property have already been 
safeguarded by the aid of this latest wonderful utilization of nature's 
i>-reatest mvsterv. the ether, liv the genius of man. 




Plate 1. 
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TELPHER A(iK. 


Bv C'llAKI.KS M. C’i,auk/' 


Drp uitinn. -'LVlpliL'niiiA’ i> tlci’ivc'd from two (frcck words " reXt" 
iind " (jiepco." •■Tele" moans far, and '■forro" moans to hoar 
or to oarrv. Thoreforo. toltdiorago moans far-cari'vinw. The same 
word "tele " appears in teleoraph and tplephono. Tlu‘ word was 
originally invented i)y the late Prof. Eleeining denkin. who was 
the early spirit of telpherage, and hut for his untimely deatli tel- 
pherage' would he even more extensively used. Like many (jther 
words, its meaning has varied. In the hoginning it jneant. j)ractieally, 
aerial eleotrit-al transportation, hut now it has heon l»rouglit h:ick to 
its original meaning, which is the transportation of material to a dis- 
tance hv olectrioity. OA'erlu'ad. or sometimes on the surface, or ('ven 
underground. In the latter ease., it i" termt'd "tuhular dispatch.” 
Therefore, telpherage may he <-onoisely defined as the ('lectrical trans- 
portation of material, d'he method of aj)plying it' i> an engineering 
prohlem and mu>t depend upon local conditions, and I'ven to-day the 
term "telpherage engineering" is heeoming a eommon e.xjirossion. 
It will he noticed that the Avord "automatic” is left out in these 
detinitions. The reason for this is that it is a eoinmercial ([uestion, 
and in cases Avhere a man i^ re(juir('d to attend to certain ])ortions of 
the Avork. it is often ehea])er for tlu' man to go Avith the k)ad than to 
use automatic doA’ices. As to whether it is ])etter to maki' an installa- 
tion automatic or otln'rAvise. depends (‘utii-ely upon the comparative 
cost of the two methods of op('ratiA)n. In this connection it may he 
said that Avith telpherage i)l;ints the Avord " telpherman " is noAV often 
used. 

'Pile early history of telpherage closely resemhles that 
of th(' electric railway. Before the successful pioneers in ('leetrie 
stiA'ct-railway traction had linally aecomplislu'd satisfactory ri'snlts. 

"Reprinted liy peniiissii ni. alter revisinii In* ttie aiitlior, frnni Transaetioiis of tlie 
Aineriean Institute of Kleetrieal Kiigiiieers. Xcav York, Vol. XIX. April. lOOi’, pp. 

'' \ jiaper rea<l at the oiii' hundred and sixtv-fourth meeting of the Anierieaii 
Institute of Electrical Engineers. Xew York and Chicago, .Vpril ii, l!t02. 
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many men had experimented, and it i.s well known that some fortj’ 
years ayo an eleetrie railway was operated having a speed of several 
miles per hour. It seems that it is necessary, with all successful 
applications of power to the transportation problem, that much pi-e- 
liminary work, semingly unproductive, must be done. It often hap- 
pens, as in the case of e.irly teipheragv, that the times were not ripe 
for its commercial adaptation. In the history of telpherage in Eng- 
land, a telpherage line was installed using what was then called the 
series system, wherebv it was necessary to use a telpher with a num- 
ber of trailers. One section was positive and the next negative, the 
current passing from one section of the track to the other through the 
motor, thereby completing the circuit. In passing over the insulator 
between the positive and the negative sections, then- necessarily 
occurred considerabh' sparking, which greatly increased the cost of 
maintenance. It was also neees.sary to always have trains of i-ertain 
lengths. There were many other disadvantages, such as having to use 
a track made of round bar rail and the diffimdty of manufacturing 
reliable electric motors. If it was desired to install a telpherage 
plant it was always necessary to put in an engine, boiler, and dynamo. 
In comparison with its early, history telpherage to-day possesses the 
advantage that every factory, where there is need for telpherage, 
either has its own electrical plant or the power may be rented from 
existing central stations or evc.m street-railway stations. There are 
also to-day for aerial transportation most excellent cables made 
especially for ttdpherage work, and likewise, where it is more desir- 
able to use than solid rail cable, special sha])es have been devised 
which give most excellent results. .Motors. c(mtrollers. and carriers 
of great reliablity are now manufactured following the methods 
developed by the best railroad pi-actico. 

Before it was decided to enter into the present commercial adapta- 
tion of telpherage an engineer visited all the electrical manufacturing 
plants and (dectrical installatiotis in Europe, and found that nothing 
was being doin' in the traiisportsdion of materia' electrically. In the 
United States many experiments had been made, Imt the iiu'entors 
wen' always seeking the unobtainabh'. Upon eari'ful research, it 
was found that there wi'i’e 4.)tl patents directly applying to ti'lpherage 
and s('veral hundred more wliieh jiertaim'd indirectly to this subjc-ct. 
Most of these original inventors were, however, too amliitious, and 
then' was hardly any limit to the numlH'i- of miles pi'r minub' which 
was to be achii'ved by the new and wonderful agent, eh'ctricitv. Not 
oidy material was to be transported, but also passengers, and Ix'auti- 
ful cars of mahogany were built and put in expei'imi'ntal operation. 
Cigar shaiied carriers were (l('\ ised. sonn' of which madi' a speed of 2 
miles per minute or more, and when it was impossilile to attain a 
greater speed there was great discouragement. There are no authentic 
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Fig. 1 -Track with S" Curve 



Fig 2.— Cable Constructiun. Line 97 Feet from Grounc, Illurtratis 
Suspension Cable. Track Cable, and Hangers 





Cable Construction with Telpher, Electric Hoist, and Bucket 
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Plate IV. 



Fig. 1 .—Center-bearing Telpher. Fig. 2.— Side-bearing Double Trolley. 



Fig. 3.— Solid Rail Combined with Cable Construction 
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examples of much more than experimental work, namely, merely con- 
reyino- material between two point.s. yeiieraliy in a straight line, 
placed in some vacant lot or loft, and there seemed to b(' a desire to 
force the method of transportation aceordiny to certain })i'ee()neeived 
ideas, rather than to pa^^ the la'ces.'jary attention to its commercial 
adaptation. 

( 'oust nict ion . — On account of various ad\ anta»'es in re<;-ard to the 
distribution of material — such as clepositino; at an ehn ation — most of 
the telpherage plants thus far instalhnl liave been ov('rhead. As engi- 
neers. you will be most interested in In-aring what has been aceom- 
pli.shed. The. descriptions are. tlien-fore, contined to overhead work. 
Under the head of construction, it may be stah'd that tlie track is made 



Fn; 1.— Supporiiiiy polo, do'ibloline. Oiieoi the ’sunple'‘t inotluHK piilo con^tnu-tiidi fur double 
line". K'-poouilly ro» ominondotl for lonir iiiic' .iiid w boro troo'^ are at dihiblc 

of cable, ('spec-ially drawn, either of standard wire or lock coil type, 
which latti'r has a strength approximating ;C> per cent that of the solid 
bar, or else solid rail, either of Hat. girder, or bulb type. 

The cable tracks are supported (wery fnp feet, provich'd it is con- 
venient to erect poles or structures. Wln're there are dee]) ravint's 
or betwc'cn u])])er stories of factories, the s])an is niad(' to ei)rresj)oud 
with th(> distance, and can be made of any reasonable length. In 
addition to tin' track cable. ui)ou which the telpher runs, tln'ie is also 
what is known as the sUs])ension cable. As is well known, it would 
be impossible to pn'vent considerable sag in the track cable iind there- 
fore the track cable is suspended from this -usjx'nsion cable by means 
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of hangers. The niiinl)er of the.se hangers would depend upon the 
length of the spans. It will be easily seen that it is possible to have the 
venter of the spans higlnu' tluin the ends by merely raising the sus- 
pension eable and the hanger. This obviates one of th(‘ early difM- 
culties met in the use of eable for telpherage, as then' is now no 
objeetionable deflection in the eable when the telpher approaches a 
bracket. There are several methods of connecting the track and sus- 
pension cables by means of the hangers. The sizes of the cable, 
hangers, and brackets vary, depending upon the weight which comes 
upon each individual span. The sup))ort was either simph' poles with 
a bracket, or what is known ws the "A" construction or ordinarv cross 
bents. Cable construction costs le.ss than solid rail, except where 



CO-'f'tNrroM J’H'*,. i9lE 


Pi,, -y — otluT hirin'- of pole < on-triictioii. >ho\viiiir -iiiifU' and (IniihU- Inu"; The tnu’k are 

suj.poih'il li\ ;m<dli«T ralilf whh'h is calk*! (he 'sii'-p'-n'shiti raldr It would !.*• niiposs.ihk‘ with 
loiiLT '■iMii'' lo sln ti-li a « .d)lt ''o iliat iindor load thoirwoiiM noi ]*i considri.ililr drtU'Ctioii. Tlii'; 
dfllrrth'ii oi s.t'j Is t.ikcn lip l)V llu.- Mi'-penMon raldu. Not onlv can w p iiiako thp irack eahle 
tion/oiilal liiii * u‘ii hiulu r in iho cviitoi than <it tin- lormiiuils- 

there are many switches, in which eases the prices of solid rail and 
eable approach each othei'. in genei'al. calile lines are r('commen(h'd 
for straight lines, exi'cpt where the ws'ight is excessiv,'. 

In solid rail construction, the siipjiorts an' ordinarily ])laeed th 
to 20 f('et apart: longi'r spans ai't' used if it is not conveni('tit to ('lect 
supports. On hmg spans, the track consists of a girder rail with tin' 
track rail abovt' it. It is not possibh' to give' any geneial ruh' as to 
what kind of track it is advisable to use. as this is a factor of tin' 
length of the s[)ans and tin' weight. 'I’he weights conveyed thus far 
by tt'lpln'iage \ary from 12.") to lo.ooo pounds, and th)' cost varii's 
aecortlingly. It will be readily muh'r'-tood that when tin' weights are 
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greater, the support.s must he nearer together, and tlu' eahles or gir- 
ders heather. Running parallel to tiu‘ track rail, either above or at 
tlie side, and depending upon the amount of head room, are stretched 
one or more trolley wires; one wire, if the track be used as a return. 
If, however, it is desired not to u.se the track as a return, or to use 
alternating current, two trolley wire.s are emplot'ed. There are iiiant’ 
other details of construction which the illustrations show better than 
any description. 

Ti'ljihf ' — According to the construction, telphers are divided into 
three di.stinct classes, center-bearing, side-bearing, and alternate-bear- 
ing. The center-bearing has two motors, one on each side of the 
track; the side-bearing has both motors on the same side, and the 
alternate has one motor upon one side of the track and the other 
motor upon the other side, but not upon the same shaft. Illustratit)ns 
of some of these telphers are shown, also the same in operation. All 
the weight in the side-bearing telpher is utilized for traction, and the 
load is suspended beneath the driving wheels. Sometimes two telphers 



U) 1. '200 feet per minute Sidt'-diimpiii.tf bueket operated by telplierinan. controlled from either end. 
Telpher'S tTin be operated "ejiarately Tlirm-ot theM' double telpher^ h.t\c a eap.uTty ot 2r»u tons 
of coal per liour o\er 2 000 feet of track f.abor. power and maintenance than 1 cent per ton. 

are eoimectod up togethei- in a single' trnek. this giving what is called 
a douhlt' telpher; oi- a trailing wlu'i'l is used after a double telpher in 
order to distribute tlie weiglit over a grt'ater portion of tlie track. 
This is necessary when the weiglit of the load to be carried is great. 
Fig. d shows (juite fully this weiglit distribution. In all telpherage 
work gears are rarely us(>d except for very heavy work or on steep 
grades. The frames of the later telphers are made in one easting, and 
the driving wheels are of .steel, this liuving hei'ii determined to Ih' the 
best material. 

Mofo/'s . — The motors are waterproof and dust proof and are eom- 
pound wound for automatie work. When a teliiherman goes with tlie 
telpher the series winding is employed. TTiere is ;dso usial a special 
scries coil to give greater torque when .startuig. The tidpher is placed 
above the track, thereby keeping the motors from injury, while' there 
is also no danger of their coming in contact witli the carriers or being 
otherwise injured. 
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Ifnlsts. — The hoist is suspended below the telpher, or sometimes 
from a trailer drawn by the telpher. Special attention has heen paid 
in the later designs of hoists to use as little head room as possible. It 
was deemed best at first to combine the telpher and hoist all in one, 
but there wtu-e so many cases where it was necessary to use the telpher 
alone without the hoist, and also where it was advisable to put the 
hoist on the trailer instead of on the telpher, that experience has shown 
it is better to make the telpher and hoist two separate pieces of appa- 
ratus. Greater simplicity has also been obtained and a correspond- 
ingly lower maintenance reached. There are many other interesting 
details concerning hoists, as to the speed, lift, and construction, which 
it is necessary to omit here. 

Bnde -^. — Two distinct types of brake are used on telphers, either 
hand brakes or solenoid brakes, both of which are arranged to apply 




pressure to the wheels or to grip the track. In regard to the solenoid 
brake, it is only necessary to explain that it works automatically, the 
solenoid being placed in scries with tlie armature. A spring normally 
holds tlni brake on the wheel or the track. If, however, from any 
cause the amount of current j)assing through the solenoid is reduced, 
whether bv means of ('xternal resistance or by rc'asoii of the additional 
counter-electromotive force generab'd bv the armature, due to running 
at a high spi'ed. tlie solenoid becomes weakened and the brake is applied. 
An air cusliion is aiTauged so that the brakes will be ap[)li('d gradually. 

Trail) rx. It is often advisable when' a largi' amount of mat('rial is 
to b(‘ cari’ied. especially over one track, to use trail('rs. Tliese con- 
sist g('nerally of a tw(^-wheeled truck. l)elow which is suspended a 
l)ucket or other suitable form of carrier, oi' even the hoist, as the case 
may re([iure. For heavy traffic it is customary to arrange a long train 
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Plate VII. 



Fig 1.— Load of Miscellaneous 
Freight Approaching Warehouse 
Terlpherman'S Seat Attached 
TO Telpher Frame Extension'. 



Fig. 2.— Buckets Filled from Chutes. 



Fig. 3— Telpher. Trailer, and Minimum Headroom Hoist. 

1 h. li..i~l min, ~ 1,, 111, |i„,,| 





TELPHERAGE, 


281 


caiTvino- a,s mucli a.s 10 tons. The ordor of procession is, tir.st, a telpher 
with four or five traihu's. then another t(‘lplier and four or five trailers, 
and a telpher at each end. The plaein<^ of the.se telphers at intervals 
greatly adds to tlie traction. Avhile the distribution of weight over the 
whole span, or over two or tlirei' spans, (uiables much lighter construc- 
tion to bo used for greater capacity. 




Fm. 1’.— Ovorhftid telpher tnirk^ ^uirallel to hut nr the of r.nlnutd tnick®. J^tandtird railway 
basrgage truck Tol[)lH’r. trailer. .in«l elertne hoi'-i CuiUn'l by telphorinaii. 

By means of space-covering or nioval)le tel])her tracks coal can l)e 
depo.sited or removed from any portion of the storage yard, and not 
merelv from beneath the telplnu' track. 'I'his track, movable by hand 
or electric ])ower. gi’catlv reduces the necessity of a multiplicity of 
telpher tracks and sAvitches to serve all the spai’C. 'I'he top surface of 



Kli. 7 —Side clrMUiiin III li'rinld I'lirs, tophi r Ir.u k, ti-Ipl it imd Umi' ti.ulii--. linr tilphn iimn 
colitroK nin\riin'iit nt tr.iiii and hin-tlliit and lownnnit m’ tht' li).idi-d Inii-k- 

th(‘ coal thus deposited is horizonttd. :md not in jtetiks. so that the 
Avhole Acrtical sp;ic(> can be utilized. Sand, gnivcl. earth, sulphur, 
or various chemical jiroducts can bt' as etisily rtiist'd. transported. :md 
dumped into A’essels or cars. 

LdyoKtx . — Much (mginet'ring skill is retjuired to hiy out or plan the 
telpher linos for tiny projtost'd woi-k in order to deeidt' whether the 
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liiK' should 1)0 single or double iind the weight to be carried by each 
unit. The installations should be so planned that the expense will be 
reduced to a miniinuni. and, further, that the track will not interfere 
with existing iiiacdiinery or ))uilding’.s, taking care to avoid an excessive 
number of curves and switches, as these add more or less to the expense, 
particularly to the cost of erection. 

JiErthod of opu ratio It.- 'It is dithcult to treat in a general way of the 
method of operation. In automatic lines it is necessarv to provide 
appliances whereb}- it is impo.ssible for an unskilled operator to injure 
the telpher. In order, therefore, to provide for contingencies, a 
" dead section" is placed at each end of the line, the middle of the 
line being generally left alive, li'pon closing a spring switch, the 
dead section is energized so long as the operator keeps his hand on the 
switch, which is usually only a few seconds, during which time the tel- 
pher passes to that portion of the line which is always alive. When 
it reaches the other end it comes upon the dead section and then either 
slows down of its own accord, or else a mechanical or solenoid brake is 
applied. The telpher then passes under the re\'ersing arrangement 
and it is therefore reversed, either with no current in the line or else 
with a high resistance. If the telpher is at the farther end of the line, 
the operator at the near end, by closing a switch, can bring it back to 
him. d’ho dead sections at the end of the line, which have current 
only so long as the hand is held upon the spring switch, render the 
line as safe as possilde against the telpher coming in contact with the 
terminal posts. An •automatic block system prevents collision of 
telphers. 

Ciirrix . — The curves are solid rail and likewise the trolley track, 
where there, is a curve, especially when it has a short radius. W'here- 
ever it is necessary to pass around a curve, to take turnouts or cross- 
overs, a resistance is inserted in the trolley cii'cuit, whereby the telpher 
autc)matically reduces its speed while it is traversing the curve or turn- 
out or approaching a cross-over switch. As .soon as it reaches the 
otliei’ side of the curve it receives full voltage and continues at its nor- 
mal speed. In regular .service the speed vsiries from boo or ,S()0 feet 
per minute up to :io miles per hour, or even more, when rojuired. 
d h)‘ slow('i' spt'eds ai’)' u.si>d when the lines !in' short and whei'e there 
are many curves, particidarly for factory and foundrv work. For 
lines I’unning across the country a speed in excess of go miles per hour 
can be obtained, but with the higher speeds the c(/st of the construc- 
tion incrciises. certain special <levices being ni'cessai’y. F.\’en for 
installations which ai'e termed "cro.ss-countrx work." 1.") to 20 miles 
per hour hiis bemi found amply sutlieient. 

,Vs to what the ultimate capacity on gnides ma\’ l)e. this has not 
been fully determined. Experimentally more than 20 per cent has 
been reached. In actual practice the greatest grade e(piipped has ))een 
12 per cent, and thus far there seenis to bi‘ ample traction. 
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Although the iuuuuut of power may 1)0 easily tigurecl out. it is some- 
what ill the nature of a surprise when we consider that to carry half a 
ton on a level track at a speed of G miles p(.>r hour, much less than a 
horsei)ower is recpiired. including all losses. This is a revelation to 
most manufacturers. The absence of gearing, the motors being 
attached directly to the driving wheels, giyes the highest efficiency 
possible, as well as freedom from noise. 

The actual power consumed, according to thi' table given above, at 
G miles per hour for l.uoo pounds on a level is only 0. IG horsepower. 
It is therefore seen that ample allowance is made for losses and I'Xtra 
weights not provitleil for in the load, such as down-comes. buckets, or 
carriers. The power reijiiircd increases greatly with the grades, and 
when this reaches certain limits it is deemed advisable to use gears in 
order to reduce weight of motors. 

Md.) iifriKi iK-t . — Although telpherage has not as yet l)een in operation 
for a sufficient niindau- of years to dettunnine exactly what the main- 
tenance will be. yet. at the same tinnu in liiu's that have been operated 
for a yeai‘ and a half the inainttmance has been excewlingly small. As 
stated abovi'. the di'iving wheels being of steel, none of them has thus 
far shown any signs of wi'ar. and trailer wlu'els are of the same material 
and type which have been used on mechanical cable lines for ten yi'ars 
and ar(' still in good sei’vici'able condition. 'Phe motors, on account 
of their elevated ])osition. hav)' shown a better maintenance than sta- 
tionaiv motors of the same typt*. 'Phis may ])Ossil)|y l)e from the 
exti’a car)' tak(‘n in tlu'ir construction. In regard to tlu' track, this 
has also sh))wn most ('xci'llent I’t'sults. also diu' to the fact that it is 
above grit and dirt and crossing teams and. when w('ll paintc'd. has 
shown littl)' signs of W)'ar or (h’preciation. herever a clmng)' is 
made from cable to solid lail or wlu'rt' cable passes o\ ei' hangers or 
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hniekots it is protcctod by whut are <‘alled ••■.hields." these l)eing 
arranged so that they eaii ))(“ readily la'placed. I'he cable is also pro- 
tected at the hangc'r and bracktds by stctd shitdd,'-. 

Cupucii ij. —An important b'atiiri' in tel{)herage is the capacity of 
the line. In general. T can say that there is no other form of con- 
veyor known which slu)ws such flexibility. This is due to the use of 
electricity, and the features which apply to tlie street railway apply 
also to telpherage. There are two factors of special importance in 
relation to the capacity of the line: First, the speed, and second, the 
number of telphers and trailers. The line may be laid out with one 



Fitr. 8 — riaii uinl rlfvaiion < if aiiftther lonn of ii*lpluT u uh -{-ttm coiil bucket, bottom dump- 

ing. cab for tclplicrinan. The -side cl«-va(ion vlu>\\s inclbo«l ui aitachinctil to suU' oi ])iiilding and 
loading chute. 

telpher and a few traihu-s. More* telplnu’s or trailers may he added, 
and. if ui)on a single line. c('in)lcd in long trains. If it is desinal still 
further to increase the ca[)acity. the line may be made double, while, 
if (h'siiaal. the carriers intn alsit be nuuh' continuous so as to take 
boxes and htirrtds or other freight as fast as they can be deliv('red to 
tht' carriers of the tel[)hcrs and trailers. 

The tlexil)ility of tcdpheragi' in regard to capacity is wonderful, and 
is a most important feature. In fact.it may Ix' said that there is 
practically no limit to th'xil)ility. In one plant, about to be instalh'd. 
the i)roposed capacity is 2r>o t<ms per hour, over a distance' of one-half 
a mile, the mate'i’ial to be distribnte'd overall area of about an acre. 
Anyoni' who is familiar with conveying will note that the're is no 
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other -system that can do this so ccoiioiiiieally, cheaply, and in a way 
so thoroughly satisfactory a manner as telpherage. 

The nature of installation varies with the amount of material to he 
carried, so that if the amount to he carried is small, the expenditure 
need not he great. 

Ajqtlicutiunfi df filjiliiiuni ,-. — There are few factories where the 
installation of an overhead tidphi'rage system would not prove a valu- 
ahle investnnmt. The qiu'stion is often asked: Is tedpherage suited for 
carrying specitie articles' And tin' n'ply may he that it is adapted to 
the conveying of the products of almost evei-y kind of manufacturing. 



FUt 0.— Ill vpwcT or trench (.•xcav.ilion tho nu-tlnnl oi operaimn i." folht\v« The >>ueket has 
attiichcMl to it trailer \\ heel. The hin-ket'- an<l uht*el tire lo\\cre<l into tlie e.xciivtition ami the 
bucket. hen lille<l. i> raNi.'l t)\ the eleetru- hoi«>i v,, (h.it the ^\ heol of ilp* trailer eniraifes. tlie trravity 
rail The load then jia>«e«- by jrravitv t»» the phife deMred and is amomaticaily dumped Thi'< may 
be along the line of excavation. j.»r rehlling the trench, op to the riuht oi left, for mihniding into 
c.irt'-, or in connei lion w ulmhc teli'her to an\ dc'-ired divtaiiec. The telj'iicr ha'^ the llexibilily of a 
trolh-y c.ir. Thi> incth' id K .t i ombiiiation of teljiher .ind gravitv line-', and the amount of Avork th.U 
can be aecomplished by it with the minimum of lal>or i'« remarkable. 


In thes(' days of consolidation of compaiues. factories cover immense 
areas. The individual hiiildings are fi'ecpiently large enough in them- 
selves to utilize a teli)hcr line. In many cases, on account of tire risks 
or of eonvejiiciice in manufaetiiring. the hiiildings are widely separated 
from I'ach other, and \ et constant eomimmieation is necessary. Over- 
head telpherage, therefore, in manufacturing establishments is used 
for carrying th(' raw mati'rial. implements, and tini^hed products from 
one part of the grounds to another, from one building to another, or 
even from one part of a building to another pai’t. moving raw material 
from cars or vessels to the works and then taking thelinished products 
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to the r:iilw:iv stiition or tlie wharf for shipment, and for eonveying 
refuse away from the faetory. In tliis eonnection we might mention 
the eonveying' of ashes or slag to the dump heap. 

Telpherage may also ))e extensively used for handling eoal. It 
serves to reduce greatly the co.-t of transportation on plantations and 
farms and may be economically used for handling cotfee. sugar cane, 
tobacco, fruits, and hay and other like }>roducts. 

In general, it may be said that wherever material is to be carried to 
a distance there is no power so flexible, so economical in first cost of 
installation, costing' so little for power or the ex])ense of maintenance, 
and with such great capacity as telpherage. It may. therefore, be 
designated a material transportation by an immaterial fluid, and may 
well be called one of the most important of the many adaptations of 
electricity. 

If time, floor space, or labor is being consumed in the conveying of 



]() jiiinir iiti'l Ifxehnu' in |6f|Mrin’-r id-mIUvN i*'t t.nlnMiU. Tin* iniitTion of tlio U'lpluT is 

to tniii'-pori till' lndv(. Iiucket. and l'»ad Tho hoKt <io« v tho c.xoftvatnm- ,ind ol. \Atnikr Thr hoi^t 
automatii-Jilly brake'* U'*-eU' cither upon ilic Kir<1cr lail or trnp" the cal>lc a" '•oon a** there i*- any 
htngiludmal >irain U^cd aNo for .iiid tran''p»*rtiuir earth, "•and, ashc''. "r coal 

anv kind of material in any plant, plantation, or nunc, each can be 
.saved bv the installation of telpherage. .Vny I'ondition iit any manu- 
facturing establishment which pi'csents a reipurement for hauling by 
man or team, whether in ti'ansmission of pi'oduct during the various 
stages of manufacture, the movement of materials l>y whiili the prod- 
uct is to be treated, or the handling of fuel and ashes or other waste, 
is a logical opening for the installation of telpherage. 

When vou install telpherage yi>u em))loy a machine to do the work 
of men. Machinery is the most powerful factor for economy in pro- 
duction. 'Pelpherage is almost human in its operation, woi'ks any 
number of hours per <lay, and never tires. In many cases \ on st:irt 
the telpher, it conveys, automatically leaws its load at tlie destina- 
tion. and returns for another load, '['(dpherage conveys .'>0 pounds o)' 
SU.UUO pounds, solids or liquids. 



Plate VIII. 



CoNVEy'%0 Coal from Remote Syitos to Boiler Room and Gas House — High 
Telpher Line Over Road. 







Fill 2. -Carrying Co-l frum St'jrage Sheds to Gas Works 
















Fig 2.— Telpher and Trailer with Platform Carrier Loaded with 
Cases of Dry Goods. 






Load with Bucrlt, 3 Tons, Speed, 1,000 Feet Per Minute. 





THE EYOLITTION OF PETKOL()(ilC’AL IDEAS. 


By ,J. ,1. Hakihs Teall, Emj.. M. A.. P. P. S. 


IXTKODAATION. 

The luneteentli cA'iiturv. whoso ob.soijuics wo Imvo so rooontly oplo- 
brated, was ])orn in what has lioon aptly toriiiod hy Professor Zittel, 
our latest historian, the heroic age of geology. (Geological societies and 
geological surveys did not then exist. Cooperative work was unknown; 
but a few individuals, of gnait power and originality, were laying the 
fouudatious of our seienco on a firm basis of accurate observation 
Pallas had recently carided out his remarkable researches in eastern 
Rus.sia, and had noted the extraordinary abundaiu’e of the remains of 
the mammoth, rhinoceros, and bison in the superficial deposits of the 
Siberian plain.s. Do Saussure had climbed Mont Blanc, and published 
his unrivaled desiuaptions of .\lpine scenery and Alpine structure. 
M'eruer was still acting as an exponent of the science which he had 
done so much to foster, and had fired his two most illustrious pupils, 
L. von Buell and Humboldt, with that enthusiasm for natural knowl- 
edge which was destined to produce such glorious results. Hutton had 
just passed away, after giving to the world his Theory of the Earth, 
the main features of which form the basis of modern geology, .^mith 
and Cuvier, both bom in the same year (ITti'.t). were in the prime of 
life, and acti\ ely engageil in those re.-earches w Inch placed stratigraph- 
ical geology on a secure foundation. These are some of the heroes of 
our science. 

The earlv historv of gt'ology is mainly a record of fantastic specu- 
lations: but in the heroic age it was beginning to be recognized that 
no solid advance could be made except on a basis of candidly observed 
fact. A reaction against the wild speculations of the seventeenth and 
the greater ])ortion of thi' eighteenth centuries had sid in, and this h'd. 
among otlu'r things, to the foundation of our society — the parent of all 
such societies — in lso7. 

" Itepi’iiitcii t)v pcriuissii 111 of tlic aiitlior aial of ttu‘ society from I lorccliiijxs of the 
(4eoioirical Socit*t\', l.omton, vol. i.vii, pp. Ixii-lxxxvi, May, iPOl. .Vnni\ersary 
address of the president of tlie soeiety. 
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That it \va^ ncfossaiy to put a i-urh on the unbridled license of 
geological speculation, and to empluisize the importance of diligence 
and accuracv in the observation of facts, will be admitted bv all students 
of the history of oni- science; but it is well to remember that there is 
a scientitie, as well as an unscientific, use of the imagination. The chief 
glory of science is, not that it produces an amelioration of the condi- 
tions under whicli we live, but tliat it continually enlarges our view, 
introduces new ideas, new ways of looking at things, and thus con- 
ti‘ibnt('s in no small degree to the intellectual development of the 
human race. 

It is now generally recognized that the state of advancement of a 
sci('nce must be measured, not by the number of facts collected, but bi’ 
the number of facts coordinat(al. The old Baconian idea that it was 
only necessary to collect facts and pigeonhole them according to rule, 
in order to make the most brilliant discoveries, has been somewhat 
discredited by the history of scientific progress. Speaking on this 
subject. De Morgan says; 

■'Modern discoveries have not been made by large collections of 
facts, with subseiiuent discussion, separation, and resulting deduction 
of a truth thus renderi'd perceptible. A few facts have suggested an 
hypothesis which means a supposition proper to explain tnem, the 
necessary results of this supi)osition are worked out, and then, and not 
till then, other facts are examined, to see if these ulterior results are 
found in Nature. * * * What are large collections of facts for? 
To make theories from, says Bacon; to try ready-made theories by, 
says the history of discovery; it's all the same, says the idolater; non- 
sense. say we." 

Hutton api)ears to have Ixarn of De Morgan's way of thinking. He 
pondered over the facts that he had observed in England, France, and 
Scotland, and formulated his theory of the earth. He then went again 
into the field to test the conse(iuences of his theory, and verified them. 
He never seems to have thought it worth while to describe isolated 
facts, or the structure of itarticular districts, except in so far as thev 
illustrated his theory, although no one was better (pialified to do this, 
as all readers of his description of the unconformity at Siccar Point, 
of the granite veins in (ilen Tilt, or of the geological features of 
Arran will readily admit. His joy at the discovery of the granite 
veins in (ilen Tilt can be easily understood. His theory recpiired that 
they should exist, and they were found, not bv chance, but because, 
they wen' looked for. .Vnd wp may be sure that tin- joy did not arise 
from gratified vanity, for. as Playfair says, he was one of those w'ho 
took more delight in the contemjfiation of truth than in tln> praise, of 
having discoN ertsl it. 

In thus calling attention to the importance of ideas in scientific 
rt'search. I tnist it will not l>i' thought that I am advocating a return 
to the condition of things which prevailed in the earlv davs of ocoloo-- 

» »- O ID 
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iciil liistory. Ariiichair pliilo.sophizing, apart from actual work in tho 
iield, the laboratory, and the museum, is by no means to be com- 
mended. But the worship of fact, a.s fact, imiy easily be overdone. 
The number of discoverabh* facts is practically infinite', and it is tln'i'e- 
fore possible to i>'('t into such a condition as not to Ix' able to see the 
wood for the trees, to lose the due sense of proportion, and to become 
mere' mae-hines feer tabulatini;' interminalele- tri\ ialities. 

On the' eethe'r hand, it shemld be' reme'inbe're'd that e've'ry weerke'r 
eneleeweel with imac'inatieen must torinulate', in his eewn minel. many 
theeeiie's that will met stanel tlie te'st e»f ve-riticatiem. and that it is epiite 
unne'ce'ssary fejr him tej tnjuble eethe'i' weerkers with such tlu'oi'ies. lie 
can test the'in feir himse'lf. ami re'h'jiate' the'in tee eebliviem if lu'cessarv, 
witheeut bureleninc' enir e)\ e're re»\\ eh'el beeeekslu'h e's with e rude' spee'ula- 
tiems anel un\'e‘ritie'd hypeethe'se'-.. 

It is eenly wlie'ii a tlie'eery has pre)\eel its Uscfidness as a ce^jeerelinator 
e)f file't that it be'e-emu's veu'tliy eif the' eliijnity e)t’ publicatiem. It may 
be true' eer false', meest like'ly the' latte'i’; Init if it e-eeeerdinate's ineere facts 
than any eetlu'r it is at any I’ate' useful anel may !>e' ceenvenie'iitly re'taine'el 
until re'placed by a lie'tte'r. t’ontreeversv as tee the truth or falsity of 
a tlieorv e)ften se'ems to me beside' the mark, lor if a eiven theory coeer- 
clinate's more facts tlian any eethe'r it is at h'ast wortliy eef respe'ct. and 
may be te'iitative'ly lie'lel as a weerking- hypeetlicsis. aleeng with the' ceen- 
vie'tion that it is ne>t true', or e>nly partially true'. Indeed, tlie ceentro- 
versial spirit is. in my judgme'nt. inimical to the best interests of 
science. It makes a man more eag'e'r to refute than tee einderstaiid the 
views of his opponents; it tends to cheek tlie flow of sympathy, and 
thus eifte'ii jirevents that friendly coope'ratiem whie'h is sei di'sirable in 
the interest of scientific preigress. When contreiversy becomes ae'ute, 
I always feel inclined to exclaim "a plague on both ^our houses." 

Every brancli of our many-sideil science has lienetited by the zeal 
for collecting facts whicli manifested itself during the early years of 
the nineteenth century. Methods of observation have bei'ii perfected, 
national surveys and private individuals have examined and are exam- 
ining the geological structure of every civilized State, and explorers 
have peni'trated to almost every ejuarter of the globe. Our libraries 
and museums are being rapidly tilled with records of all this scientitic 
activity- 8ide by side with the registration and cataloguing of facts 
there has taken place an evolution of scietititic ideas, and it is on this 
aspect of the subject, so far as my own special branch is concerned, 
that I propose to offer a few remarks. 

Rocks may Ix' studied from two more or less distinct points of view, 
the descriptivi' and the aetiological. But it is well to note that the 
distinctness of these two points of view is but the expre-sion of our 
ignorance as to the genetic relationshi])s of the different types. Facts 
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as to composition, strncturo, and tlio like, accumulate faster than 
they can be interpreted; and our classilications are therefore neces- 
sarily more or less artificial. But there is that within us which compels 
us to bring- our classifications into accord with our yiew.s as to g-enesis. 
Phylogefiy must in the end control classification both in the organic 
and inorganic worlds. As sofui as we realize that ant’ scheme of classi- 
fication places together objects which haye no genetic relationship, or 
groups them ii-respectiye of such relationship, we become dissatisfied 
with it. The old classifications need not be thrown oyer the moment 
that their imperfections are glimpsed; but in the end they haye to be 
discarded, and the new ideas find expre.ssion in a new classification. 
Thus 

Tlii'i)’ tIic ago i>nc incrcaaiiiir piirpo.^e runs, 

Ami the tlKuiiiht.s of men arc wiileneif with the jmocess of tlie suns. 

How far Hutton was in iidytince of his time on matters relating to 
petrogeiiesis is illustrated by the fact that more than half a century 
elii])sed before Itis idetis found expression in systematic treatises. Yet 
the septiration of rocks iitto igneous, .sedimentary, and metamorphic, 
and th(' furtluM- subdiyision of the igneous rocks intv jdutonicaud yol- 
canic. follott luiturally iind logically fr<»m his fundamental conceptions. 

The reason for the ttirdy recognition of what is no-w generally 
admitted to lie the true liasis of classification is not far to seek 
Hutton was no systematist. Werner, on the other hand, was not only 
a keen observer, but In* po.s-ne.ssed in quite an exceptional degree the 
power of descril»ing what he ob.seryed in precise and definite terms 
and of grouping his fact.-' according to their supposed relationship. 
He was. in short, a boi-n .sy.'^t^‘mati.st, and this, combined with his elo- 
([Uence and cntluisiasm. gaye him a commanding influence. In looking 
back at ttic-e two striking figures of the heroic age. Werner and 
Hutton, it i> almost impossible to ayoi<l a feeling of regret that the 
one did not possp.-.s what the other lacked. But such regrets are use- 
less. Let us honor them both. 

The authors of systematic trcati.ses on rocks published during the 
first half of the century were all under the spell of Werner, and they 
were still further hampen’d by their ignorance of the composition of 
those rocks which are of so tine a grain that their constituents can not 
be determined with the naked eye or with the aid of a simple magni- 
ft’ing lens. 1 he treati.se.s of Haiiy. Bi-ongniart. and Leonhardt clearly 
recognized the great natural group of fragmental rocks; but the true 
limits of tin' other equally natural groups were, so far as general 
treatises arc concerned, brought into jtrominence for the first time in 
the work by T on (Jotta. the f^nglish translation of which appeared in 
1866. 
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PROGRESS DURING THE FIRST HALF OF THE CENTURY. 

Igneous rocks played but a small part in the Wernerian system. 
They were regarded as stratilied rocks melted by heat, due to the 
burning of coal beneath volcanic districts. We now recognize that 
they are of great importance, and probably represent the original 
source of all the other rocks. The clearing up of our ideas as to their 
nature and mode of origin centers round two controversies — one as to 
the origin of basalt, the other as to the origin of granite. 

It is difficult for us to realize the condition of things which i)revailed 
during the early years of the ccmtury. whim the martial spirit of tin' agi' 
seems to have affected the scientitic woidd and a furious controv('rsy 
raged between the iXeptunists and the Vulcanists as to the origin of 
basalt. We look with a feeling of astonishment at tin' controver- 
sialists. condemn their methods, and admire thi' calm tiguri' of the old 
man Desmarest as he sits tlien* refusing' to bi' ilrag'gt'd into the con- 
troversy. and ([uietly replies to his challengei's. "(io and see.” Now 
and again, in looking through sonn' neglected cal)inets of our museums, 
we come across dust-covered specimens labeled •■Ammonites in basalt 
from Portrush.” and are thus forcil)ly reminded of those stirring times. 

The controversy as to the origin of granite lasted longer, and during 
its later stage's, at any rate, was conduett'd with dignity and a due 
regard to the amenities of scientitic discussion. It resulted, moreover, 
in a very decided enlargement of our concc'ietions as to subterranean 
phenomena. The I\'ernerian \ iew that granite was a preeijiitate from 
a primordial ocean was compelled to gi\ e way as soon as the tectonic 
relations of granitic masses, so well described by Hutton. Playfair, 
and Sir James Hall, wert' clearly realized. The phenomena of granite 
veins, the occurrence of inclusions of the surrounding rocks, and the 
sharpiK'ss t)f th(' junctions between granite and the strata with which 
it is in contact prove beyond all doubt that tin' material of which 
many granite masses are composed must have la'cn intruded from 
below in a plastic state. Toward the middle of the century these facts 
were generally recognized for all those masses which occur outside 
areas of crystalline schist. But their recognition, although conclusive 
as against the view that graniti' was everywhere a ])rimordial sediment, 
b}' no means involved the lU'cessity of accepting the Huttonian theory 
that it resulted from the consolidation of a mass of matter in a state of 
pure igneous fusion. 

The earlier phases of the discussion as to the origin of granite cen- 
tered mainly round tin' tectonic relations of the rock masses; but the 
later phasi's had referenct' rather to the composition and strncturi' of 
the rock itst'lf. The papers on this subject, and es[)ecially the discus- 
sion between Scheerer and Durocher. are well worthy of the attention 
of modern petrologists. 
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Sfheercr maintuinod that the purely igneous origin of granite was 
disproved l)y three lines of arguuieut. Thus be eonteuded that the 
very pi'esenee of quartz was opposed to the theory, for this uiineral 
could not he formed by igneous fusion, and was absent from, lavas 
containini;' an excess of silica, such as obsidian, even when these lavas 
must hav(' cooled mori' slowly than some granite \ eins. 

Again, the order of cons(didation of the minerals, as determined by 
mutual interference, was not the order of their fusi))ilities. Fournet 
had (mdeavored to remove this objection by supposmg that quartz, like 
water and sulphur, could be <-o()led bi'low its proper melting point. 
But this tln'ory of the surfusion of (puirtz was untenal)le. because the 
amoutd of overcooling uas too great and the complete rest M'hich was 
necessary could not be postulated. Sehi'crer admitted that the objec- 
tions to Fournet'-- theory wei'c rendered h'ss foi’cibh' by a c(^nsid('ra- 
tion of the fact pointed out by T>uroch('r. that the magma of granite 
did not contain tlu' material of the separate minerals in a fused state, 
but consisted of u homogimeous licfuid— a solution as we should say — 
so that the o\etvooling did not atlect (juartz as such. This, howevei', 
in his opinion, did not justify the theory, for. to use a free translation 
of his own words; •'It is evident that tiie i)oint of solidification of the 
silicate forming tin' magma out of wliich the ditferent compounds are 
separated ought t(.) approach the fusion point of silica as the (juantitv 
of bases in the li(|uid ))oi’tion decreases." 

.Vccording to Ituroeher's vi<'w. tin' ultimate' base of granite should 
consist, not of (|uartz. but of a sul>stance like petre)silex. 

.V third line of argumeid. fouiuled on the oceurrenee in se)me gran- 
ites of th(' peculiar pyrognomic minerals. >uch as gadolinite. was also 
brought forward by Scheercr. If a <-hip of isotropic gadolinite be 
heated to redness, a sudden and remarkable change takes place. It 
glows brightly for a few moments, aiul after coolitig is fontid to have 
bi'come denser and sti'ongly biref ringent. 'riuis gadolinite occurs in 
tAvo phases; a lighter isotropn* phase and a denser biri'fringcnt phase. 
The change from tin' former to the lath'r takes place at a red heat, 
and the reaction is accompanied by a eoiisidi'iable loss of energv. but 
litth' or no lo's of material. 1 Im occni renci' of this mineral in some 
granites proves, therefore, according to Scheerer. that they must have 
consolidatefi below a red hear. 

T hes(' rhri'e lines (>f ai'gmnent. based on the presence of quartz, on 
the mutual relations of the constituents, and on the presence in some 
granites of pyrognomic mineral', concur. In' considers, in disproving 
the tlu'orv of ])ure igneous fusion. 

Schei'rcr then ju'opounds his own theorr of aqueo-ig'iu'ous fusion, 
basing it on the tart that some of the gi'anitic miiu'i'als. such as mica, 
contain r\ater. the jmescnce of even suiall ([uantitics of water would, 
he maintains, lower the l•onsolidation point considerablv, and during' 
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consolidation the water would concentratt' in the niothi'r li(ju()r. and 
nltiinately in the silica. Final consolidation would take ])]ac(' on the 
(‘scap(' of the water. Thus th(' ])aradoxical ordci' of crystallization 
would 1)0 explained, and th(‘ yraniti' iniyhtconsolidati' at a tcnqx'i’aturc 
which would admit of the formation of the pyroynoniic mim'rals. 

The theory of Scheerer was opposed hy Durocher, and the contro- 
versy between these two distinguished men extended over a period of 
three or four years, nurocher considered that a close examination 
of the structure of yranite does not hear out the vi)'W that tliere is a 
well-detined order of consolidation. The minerals mutually interfere 
one with the other, sometimes one and sometimes another havinji’ the 
advantage. The magma appears to have eooh'd down to a compara- 
tividy low tempemture, and then to havt' sepai'ated into detinit)' com- 
pounds which did not solidify instantaneously. Tin' relati\'e pc'rfee- 
tion of form would, on this vit'w. h(‘ largely determined by the la'lativo 
power of crystallization of the ditferent constituents. In this I’espeet 
cpiartz is at a disadvantage. It possesses, moia'over. a' shown by i\I. 
(huidin. a great range' of viscosity, and wln'ii fiui'd can be drawn into 
thrt'ads like glass and sealing wax. lie agrees with Sehec'rer in rej('et- 
ing F^ournet's theory of surfusioi\. and considers that tin' paradoxical 
ordi'v of consolidation can Im' explained by taking int)! consideration 
the wide range of \ iseosity of ipiartz and its slight tendi'iiey to eiys- 
tallizo. A similar view lias i-eeently been advocatcil by Professor Joly. 
Durocher replies to Scheerei‘‘s argument derived from the absence of 
(piartz in obsidians by pointing to its presence in trachytes, and 
attempts, somewhat unsuccessfully, to explain away the pi'ost'nce of 
the pyrognomie minerals. Tn his ci'iticisins of Schi'erer's views as to 
the amount of water pi'csi'nt in graiutt' he is often etleetiv)'. for he 
shows that suflleient allowanci' had not bia'ii mad)' for the etfeets of 
alteration. 

Scheerer's view became the popular one. and is now generally held. 
It was greatly strengthened by Dr. S)rbv's diseovt'i y of tlu' widespread 
distrilaition of li([uid ca\ ities containing watei’ in the (piartz of gran- 
ites. and bv the well-known synthetic experiments of Daubree and 
others. Thi* failure of all attempts to produce graniti' is also still felt 
to be a strong argument against the theory of dry fusion. 

Scheerer concludes tin' discussion with some observations which 1 
can not refrain from piloting. He says; 

“To avoid misunderstanding. 1 desire to make some remarks on the 
value which I attach not only to my theory of the origin of granite, 
but also to geological theories in general. 1 am far from believing 
that the igneous theorw which .M. Durocher defends with so much 
vigor, is tinallv disposed of. or that my theory is completely siitisfae- 
torv. Such detinite conclusions can not be ri'ached in the present state 
of our science. More than oni' point of \ iew is possilili' on almost 
every subject of this kind, and thus it must e\ er be, for mathematical 
certainty is unattainalile. 
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"A short time iigo it secim'd as if the Xeptuneaii theories had com- 
pletely ahandoned the tiedd in favor of those voleaiiic theories which 
appeared so absurd to our ancestors. Now the Neptunean theories are 
heoinning to show signs of life. I hav(> endeavored to conciliate the 
two sister enemies by suggesting that water may play an important 
part in the formation of fused rocks. * " * 1 do not pretend, 

however, that my theory is unassailabh', oi' that it has been absolutely 
d('monst rated. * In my opinion a geological theory should 

not be considered as absolute; but it Itecomes probable when a consid- 
erabl- number of facts group themselves around it. and its degree of 
probability can be measured by its power of assimilating the new facts 
brought to light by the ])rogress of science." 

These are wise words, and may well b(' I’cmembi'red when dilfcr- 
enc(>s of opinion tend to become sharply accentuated. The path of 
sciciuM' is littered with discariled theories, and this fact should ser\'e to 
remind us that "we are maie of us infallible, not even the youngest." 

In the discussion between .Scheer(>r and Dm’ocher attention was 
direett'd to th(' mutual r(dations of tin- constitueids of granite and to 
th(' inferences which could be drawn from a study of those relations 
as to the ord(‘r of consolidation of tin* miiu'nds. 

THE C'ONSOT.ID.VITON OE IHNEfU'S MHiMAS. 

At the tiiin* when the discussion took phua* this kind of reasoning 
could be applied oidy to coarse-graiinal rocks, hut with the advent of 
the microscope it becattn' possiltle to <‘xtend it to the inn)oi'tant group 
which had been designated in the earlier classifications as "apparentlv 
homogeneous rocks." In the early part of the C(>ntmy t'ordier had 
proved. Iw the microscopic examination of the powder of basalt, that 
this rock was heterogem'ous; but it was not till the examination of 
thin .sections had been introduced that the mutual relations of the con- 
stituents of the tiner-grained rocks could be studied. In those rocks 
which lane resulted from the <-<»n--olidation f)f homogeneous silicate 
mag’uia.s. and in which the <*ou.soli<lation has been unaccompanied bv 
the phenomena of resorption that i-, in which there has alwavs been 
eijuilibrium lietween the constituents during the procicss of consoli- 
dation —the order of separation can lie infern‘d from the micro.scopic 
structure. 

It has thus been (*'tablished that the proci'ss of consolidation can not 
be divided into a number of shar[)ly defined periods, each characterized 
by the separation of some one mineral only, but that the times during 
w hi( h the di tl ei ent m me i als a i e .sepa rat i ng out overlap to some (‘xtent . 
The amount of overlapiiing varies in ditfeivnt castes, and in out* and 
the .same magma is most marked in jihitonic ma.sses; whence we con- 
clude that it is largely tletermim-d by physical conditions, and especially 
pressure. 

The ordei’ of consolidation as dtgermined by an examination of the 
mutual relations of minerals is. theivfore. the order in which thev com- 
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nience to form, and this order may or may not a^ree with that in which 
they cease to form. The laws which express the order of formation 
of minerals and the chemical and physical <‘onditions which control 
that order have not as yet been (h'tinitely ('stablisln'd. 

One of the most important papers on theoretical petrology is un- 
doubtedly that b}" Professor Rosenlmsch on the signiticance of the 
granular and porphyritic stiTictures in massive rocks. The importance 
of this paper must not be judged simply by the amount of truth in the 
principles enunciated, but rather by the stinndus which it gave to 
theoretical considerations and to researches <lirected toward a partic- 
ular end. The constituents of ntassive rocks are divided by Professor 
Kosenbusch into four groups; 

1. The ores ami aeees'sory eonstitnents tma«iietite. haMiiatite, iliiienite. apa- 

tite, zireon, spinel, and titanitel. 

2. The feri'omagnesian eimstitiients (hiotite. hornhlende, ])yroxene, and 

olivine). 

3. The felspathio constituents I felspar, nepheline. Incite, nielilite. sodalite, 

and hatiyne). 

4. Free .silica. 

Professor Kosenbusch pointed out that nitmibors of the first group 
precede those of tin* other groups; thtit in granites tind sytmites the 
mem hers of the second group precede those of the thiixl: but that in 
the diaba.ses and gabliros the order is inverted, iind tluit in both groups 
silica is the last. The geneml conclusion is reached tluit "the order 
of consolidation of the silicates tuid. consetpiently. their crystallo- 
graphic development (idiomorphism). corresponds to a law of decrea.s- 
ing basicity; tlie ores and acce.s.sory minerals ai'o the earliest, and 
quartz is the latest, prodiu-t of the rock-forming process." 

This empirical law expres.scs, in a broad and general way, the main 
fact.s observed with regard to the sequence of minerals in the large 
and important group of intermediate rocks, but it breaks down when 
applied to the mo.st acid and the most basic rocks; quartz is often 
formed before felspar in the former, and iron ores are not infrequently 
formed after felspar in the latter. 

The views that we hold regarding the laws which express the order 
of consolidation in igneous magmas will nece.ssarily be colored by our 
conceptions as to the nature of the.se magmas. A great advance in 
the evolution of ideas on this subject is marked by a short letter, 
written by Bunsen to Streng. and published in the Journal of the 
German Geological Society for ISdl. In this letter Bunsen points out 
that the arguments against the igneous origin of granite, so far as they 
rest upon the so-called anomalous order of consolidation of the miner- 
als, are based on a misconception of the nature of the process of con- 
solidation. He says. 

"The temperature at which a substance consolidates from a state of 
fusion is never that at which it separates from a solution in another 
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substance. The temperature at which a definite substance crystallizes 
from its own Ihpiid depends only on the substance and on the pressure 
to which it is subjected; whereas the temperature at which tlie same 
substance separates from its solution in another substance depends 
principally on the relative proportions of the two substances. No 
chemist will fall into the. error of assumino- that a solution ceases to be 
a solution at 200 , 300 . 400 , 500 , or even when heated to a tempera- 
ture at which it becomes self-luminous; or will suppose that a crv.stal- 
line aooreo-ate of ice and calcium chloride which has become fluid is a 
solution, but that a mixture of (juartz and felspar which has been fused 
is not.’' 

He then proceeds to point out that the laws which govern the solidi- 
fication of aqueous solutions must hold good also for igneous solutions; 
that by the addition of a certain amount of calcium chloride to water 
th(' teni{)cratnre mav be lowered to — lt» C. without the separation of 
any solid substance; that by the addition of further amounts the tem- 
perature of consolidation of water may be lowered as much as 59- and 
that of calcium chloride lou . Other salts, such as the sulphates and 
nitrates of potassium, may lx' made t<» separate from a(jueous solutions 
at t('mperatures from •loit to 3t»o’ below their freezing points; more- 
ovt'r. the order of consolidation is determined by the relative amounts 
of the two substances present; thus water may be made to consolidate 
before or after a dissolved salt by varying the concentration of the 
solution. 

I ha\'e given a somewhat full abstract of this important letter 
becau.se J believe that the expansion of the idea whieh it contains will 
be the characteristic feature of the next great advance in petrological 
science, an advance which will come about, not so much bv adding to 
our already largo store* of facts as by dint of ('Xi)eriment controlled 
by the modern theory of .solution, and carried out for the express 
purpose of testing the conseeiuences of that theory and discovering the 
modifications which may be necessary to adapt it to igneous magmas. 

Almost all recent writers on theoretical questions ri'lating to the 
igneous rocks have accepted the solution theory, and the condition of 
formation of minerals has been iliscu.ssed from this point of view. 
Crystals tend to form in a homogeneous licpfid mass when the liipiid 
becomes supersaturated with any di-finite compound. As soon as ervs- 
tals are devedoped the liiiuid in their iimncdiate in'ighborhood ceases 
to- be supersaturated, and theie is thus e-stablished an osmotic force 
producing molecular flow from the supersaturated portions toward the 
growing crystals. 

From a consideration of the work of Pelouze on glasses, combined 
with his own work on igneous rocks. Lagorio arriverl at tin* conclusion 
that the ordinary roc k forming compounds tc'iid to .separate* out in the 
following order: Oxides, puic iron silicates, magnesian and ferro-mag- 
nesian silicates (olivine* and rhombic pyroxenes), c alc- magnesian sifi- 
cate.s (monoclinic ]),\ loxcnc*'. and hornblende*), sfiie-ates of niae'-iie.sium 
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and potassium or of iron and potassium (biotite). cakdum silicate 
(anoi'tliite), silicates of .sodium and calcium (i)laeioclase), sodium sili- 
cates (iK'pheline and all)ite). and lastly. ])otassium silicates (orthoclase) 
in conjunctit)!! with quartz. 

In his important work on slags, I’rofc.ssor Vogt has clearly estab- 
lished the influence of the relative proportions of the bases to each other 
and to silica in determining the nature of thi' compounds which sep- 
arate out. Thus in slags in which the ratio of bases to silica corre- 
sponds approximately to that found in bi.silicates the ratio of CaO;MgO 
determines the formation of such minerals as enstatite, augdte, and 
wollastonit(‘. When tin' ratio of Mg-O+FeC) : CaO is greater than 
2.d4: : 1. enstatite forms; when tin' .same ratio is less than f .-t : 1. augito 
separates out. and continues to do so until this ratio becomes less than 
.3.1 ; 1; with a still further diminution in the ratio of magnesia to lime, 
wollastonite is formed. 

In slags having approximatt'ly the composition of monosilicates the 
ratio of iMgO-|-MnO-hFeO : C'aO (h'ti'rmines tin' formation of olivine 
or melilite. When the above ratio is greater than 1 : 1. 1 (in slags with 
about 20 per cent of alumina). oli\ ine is fonni'd: but when it is le.ss 
than 1 ; 1.25. melilite is produced. 

The general conclusion arrived at as a rt'.sult of tin' work of 1 ogt. 
Lagorio. and otlu'rs is tlrat mass action and tin' atlinities of the bases 
to each other and to silica aiv the two factors of primary importance 
in determining the molecular grouping, .so long as the pressure 
remains constant. The action of alumina may be e.spi'cially referred 
:o as illustrating the influence of the mutual aflinitii's of the so-called 
bases. In the sorting of partners in accordance with tin' law of mass 
action this substance, when pi'cscnt in sutheient quantity, practically 
takes the whole of the alkalies and as much of tin' lime as is necessar\' 
to make felspathoid molecules. So marked i-- this action that 
M. Michel Ltky and M. Osann. in calculating the results of analvses, 
combine the whole of the alumina with tin' alkalies, when the latter 
are present in sutficient (piantity. and a.ssociate any ('xi'Css of alumina 
with lime in the form of felspathoid moh'cuh's. It is oidy in those 
rocks that contain an abnormal perct'iitage of alkali('s that minerals 
like iegirine and rielieckite occur. 

This controlling influence of alumina, which has also lieen empha- 
sized by Pi’ofessor Iddings. has tin' most far-rt'aching ('fleets in determ- 
ining petrograpliical species. It is as if then' wi're a kind of rc'pulsion 
between the ferromagnesian and alumino-alkaline constitutents. Dark 
rocks rich in tlu' fornn>i-. and light rocks rich in tin' latter, represent 
tin' ('xtri'iiu' forms of many inti'rnn'diati' typi's; and Professor 
BrCigger has recently proposi'd that this should receive ('xpression by 
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the application of the terms melanocratie and lencocratic to these two 
strongly contrasted varieties. 

d'he O'snlts already obtained leave no donbt that a properly directed 
series of experiments will throw great light on the laws which control 
the formation of minerals during the consolidation of igneous rocks. 
Tin' classic, researches of Professor Fou<[ue and M. Michel Levy on 
the synthesis of such rocks as basalt, andesite, and nephelinite by pure 
igneous fusion show that we can control the necessary physical con- 
ditions. and that the whole subject, so far at least as these rocks are 
concerned, lies wdthin the range of experiment. 

The woi'k of Morozewicz, to which I have directed attention in 
anotht'r place, may I )e mentioned as proving that a rich harvest of 
results may be contidently anticipated from experimental work in this 
direction. 


To I'eturn to the question of the order of con.solidation of minerals 
in igneous rocks. If th(> solution theory be true, no order based solelv 
on a considi'ration of the properties of the minerals can hold good in 
all cases. In tlie case of atpieous solutions of two substances the order 
of separation, as jxiinted out by Ihm.sen. depends on the relative pro- 
portions of these two substances. This .subject, so hir as aHoys, fused 
salts, and acpu'ous solutions are concenu'd. was investigatt'd with great 
skill by Professor (iuthrie. tin' importance of whose work on alloys 
has been brought into prominence of late Iw the researches of Koberts- 
Austen. Le C'hatelier. O.smund. d. Pi. Stead. Heycock and Neville, 
Aldei' Wright, and others. 

It is too (‘arly yet to discu.ss the full l>earing of this recent work on 
petrographical questions, but it is impossible to examine the beautiful 
photographs which illustrate the structun' of allovs — such, for example, 
as those accompanying the fifth report of the allovs research commit- 
tee," or those illustrating Stead's paper on iron and phosphorus.'^ or 
Ileycock and Neville's paper on gold-aluminium alloys.'’ without beino- 
struck by the resemblance of many of the.se structures to those met 
with in rocks. 


Some years ago I directed attention to the possible application of 
Guthrie’s work on cryohydrates and euti'ctics to petrographical ques- 
tions. and the experience since gaiiual has tended rather to confirm me 
in the views which I then expre.ssed. Fuseil salts which do not act 
chemically upon each other show, when mixed in eutectic proportions, 
a marked tmidency to form spherulitic. and what mav be called micro- 


pegmatitic. intmgrowths. It has since been proved that the same is 
true of alloys. Thanks to the kindne.ss of Mr. J. E. Stead, 1 am able 
to give two tigures. drawn from photographs, which illustrate this 


"Fifth Itepurt l,y Sir William KolH-rts-Austcn. lust Mcch. Kn- 18tl!) p 35 ' 
''.Imirn. Ir.m and Stucl In-t.. \„l. Uiii ilpnoi p. up ’ 

•-'I’hil. Tians. Ituy. Sue . oil exciv 1 1900) A, pp, "01-232. 
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fact, and side liy side with these are placed tio’iires of mieropegniatitic 
and spherulitu- striietures copied from I’rofe.ssor Iddino’s's memoir on 
the rocks of Obsidian Clitf. (Fijr.s. 1-4.) 

In the ca.st' of the alloys the sph(‘riditic stnictui'cs are characteristic 
of rapid cooling and the micropi'gmatitic stnictiin's of slow cooling. 
Th(‘ mode of occurrence of the same strm-tures in rocks is strictly in 
accordance with this view. A comparison of the stiaictures in the 
two cas('s makes it almost im])ossil)le to believe that the resemblances 



Figs. 1 and = Sphornlitio and '.tnictnrGs in obsidian. (After Idding^. Vllth Ann. 

Rep. V. >. r.eol, Surv . pi, xv t 

Fk.s, 2 and 4 = Snnil.ir '•tnu ture'i in euieeiie .lUtix-', iroin inierupliotogruph" by Stetid. 2 ''Uuple 
sphemhie in ihe euteplie <»l' load and antunoni 1 — • Miempegnmldie ^truet^^ro in nuibMK •ha-metal 
(lead. N) per eont aiitinmny, i'l p»-r eeiit and tin, '• piT rent i 


are merely accidental, and, if not. they point to th(“ conclusion that 
micropegmatite is an eutectic compound. 

From this point of view it becomes t)f interest to determine the 
melting point of fused micro})egmatite. This was kindly done for me 
by Professor Joly by observations with the ineldometer. He found 
that firsed micropegmatite melted somewhat more readilv than ortho- 
clase, but less readily than fused orthoela.se. These ob.servations do 
not support the eutectic hypothesis, but they can scarcely be said to 


The outlines of this si>}ieriilite are somewhat too sharply drawn. 
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negative it. as tlie conditions of the experiment are certainly very 
ditferent from those under which tin* rocks are produced. 

(Quartz and orthoclase have not as yet Ix'en formed l)y pun* iyneous 
fusion. The meltinc- point at atmosplieric pressure of a mixture of 
quartz and orthoclase is above that of hasalt. and yet we know from 
the occurrence of anoular fraotnents of basalt in g-ranophyre that the 
consolidating' point of the mixture under certain conditions of pressure 
is below that of the fusing- point of hasalt under the same conditions. 
If, as Ih'ofessor Lu'winson-Lessing's calculations suggest, the forma- 
tion of felspathic minerals is accompanied by an increase in volume, 
and the formation of ferro-magnesian minerals by a decrease in volume, 
pressurt' will lower the fusing point of the former and raise' that of 
the latter, so that under plutonic conditions the relative order of con- 
solidation of acid and })asic magmas may be the reverse of that under 
volcanic conditions. Magmas usually contain water, and sometimes 
other volatile constituents (such as chlorine, boron, fluorine, etc.), 
whose importance in determining the fluidity and the molecular group- 
ing of tin' constituents has been generally recognized since the publi- 
cation of the classic paper •' Sur h-s Emanations Volcani(iues et Metal- 
liferes." hy Elie de Ih'aumont. When separated from the magma 
these constituents exercise jiiost important metamorphosing and min- 
eralizing ('fleets, as is w('ll si'cn in the pln'iioniena accompanying the 
formation of tinstone and apatit(‘ \ eins, in the de\ (*l(jpment of zeolites, 
and in the production of large massc's of kaolin. Hut so long as thev 
remain in the magma tlu'v must be regarded as b(‘longing to it and 
playing tln'ir part along with the otlu'r constituents in producing the 
linal result. 

rile apjilication of the theorv of solutions to igneous rocks is com- 
jilicated in many ways. \\ <> an. ignorant of thi' manner in which the 
constituents n'Vealed by analysis an' distributed in the molten magmas, 
and of the chang('s which take place in tlu' moh'culai groupings as the 
temperature approaches tin' point of saturation. M. Le Chatelu'r has 
lect'iitly suggested that granite furnishes an illustration of the phase 
ruh'. and may be n'garded as a stabh- systi'm of thn'(' phases hpiartz. 
feldspar, and mica), made up of the thre(' conqioin'nts silica, alumina, 
and potash. Ei'iv petrographers will admit that the cas(' can be [mt 
as simply as this. Xo doidit the consolidation of igneous magmas is 
govt'rned by the jihase rule, but in the majority of cases th(' number 
of compoiu'nts. on any l iew as to tln'ir nature, is too great to make 
the rule of much practical value. Another cause of complication arises 
from the fact that tin' physical conditions have often changed duriim' 
the proct'ss of consolidation, thus giving rise to the pln'iioniena of 
resorption: and yet anotln'r from tin- absence of assuranci' that tin' 
miiH'rals si'cn in a rock havi'in all cases been devi'lopi'd from a niagina 
having tin' composition repn'S(.nted by (he hulk analvsis. 
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I eiin not It'iive this portion of the suitjeet without eiillinji' attention 
to the recent work of Professor ,loly on tlie melting' points of the 
rock-forininc- niinerals. andhis proof of the enormous range of viscosity 
possessed hy quartz and other minerals. 

Whatc'ver view we take as to the nature t)f silicate magmas, there 
can l)e no douht that in gciKU'al the })rocess of consolidation is a process 
of diflerentiation. Ifetiiute compounds separate out. c'ither succes- 
sively or simultaneously, from a homogeni'ous magma, and at thi' time 
of th(‘ir formation are in e([uilihrium with the surrounding licpdd; 
hut owing to changt's in timiperature and ])ia>ssur(' the equilihrium 
estahlished at oiu' period may he de>troy('d at another, and the igneous 
rt)ck as we see it may not contain a record of all tin' operations which 
liave taken place during the process t>f <'onsolidation. So far as indi- 
vidual rocks are conci'rned. W(“ look to experiment rather than to 
ohservatioi\ to giv(' precisioi^ and detinitem'ss to our ideas regarding 
the nature of tlu' changt’s which accompany solidification. 

THE DKIOIN OF .SI'KCIKS. 

The geologist, however, has to deal not o?dy with igneous rocks as 
individuals, hut as groups, to consider their mutual relations, their 
geographical distribution, and mode of origin. But to give anything 
like a full account of the growth of ideas on this subject would 
expanil this address to an inordinate hmgth. and would, moreover, he 
a work of supererogation, for the whole question has been admirahly 
roviewed by Professor Iddings and Professor L<ewinson-Lessing. 

The germs of all the theories which are now struggling for existence 
can he discovered in the writings of our predecessors. Scrope (is;>5) 
held the vi('w that lavas w(‘r(> formed from previously ciystallized 
rocks, such as graiute. and maintained that in the process of eruption, 
or intumescence, as he termed it. a kind of ditl'erentiation might take 
place, giving rise to trachyte and ha'-alt. Parwin (isif). in his impor- 
tant work on Volcanic Islands, al-o discussed the origin of petrograph- 
ical species. lie directed attention to two causes of ditl'erentiation 
which may ultimately prove to he of great importance — (1) the move- 
ment of crystals in a magma under the inihience of gravity, and (2) 
the squeezing or leaching out of the more fusible constituents from a 
partially consolidated or ])artially fused mass. The first of these he 
illustrated by the well-known Pattinson process for desilverizing lead, 
and the second might he illustrated h}' another metallurgical process 
often known as li(piation (hut (piite distinct from the jn’oeess referred 
to by Durochei- under the same naine). by means of which silver is 
separated from blister coppei’. The copper is fused with a certain 
projiortion of lead, and the Imrs are maintained at a temperature above 
the fusing point of the silver lead alloy and below that of copper. The 
silver lead alloy is thus leached out of the copper, w hich remains as a 
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solid porous mass. Such a separation might lie effected in the case of 
a plutonic mass, if a partially soliditied magma were subjected to pres- 
sure under conditions which admitted of the escape of the still liquid 
portions into the surrounding rocks. As a matter of fact, it has been 
so applied by Mr. Barrow, who thus explains the relation between 
pegmatites and certain oligoclase-biotite-gneisses in the southern High- 
lands of Scotland. The eurite veins in granite are generally supposed 
to owe their (jrigin to a somewhat similar action, but in this case the 
separation is due to the leaching out of the still liquid eutectic into 
cracks in the nearly consolidated mass, and not to orogenetic move- 
ments. It is comparable, therefore, to the liquation process above 
mentioned. 

Bunsen explained the varieties of igneous rock revealed by his 
analyses ))y assuming th(' independent existence of two magmas — the 
“ iKjrmal pynjxenic " and " normal trachy tic”- and supposing a process 
of intermixture to account for thi- intermediate \ aricties. \'on Waite r- 
shausen thought that igneous magmas were arranged in a series of 
concentric shells, according to specitic gravity. Durocln'r. in his cel- 
ebrated essay on Comparative Petrology, maintained '‘that all igneous 
rocks, modern and ancient, were derived from two magmas which 
coexist below the solid crust of the globe, and occupy there each a 
deffnite position." His two magmas — basic and acid — do not differ 
materially from those of Bunsen, and his idea of tlieir arrangement in 
the earth's crust is practically the same as that of Von 'Walt('rshausen. 
He compared the two magmas to baths of fused metals, which separate 
into distinct alloys on cooling. He does not give actual illustrations, 
but we may consider one. in order to give precision to the idea. A 
mixture of do.tH per cent of bismuth and per cent of zinc sepa- 

rates at a temperature between TuO and sou t^', into two ailovs. which 
arrange thems('l\es according to specitic gravity. On cooling, the 
heavier is found to contain sq.so per cent of bismuth and l.l.ls per 
cent of zinc: the lighter :>.4T percemtof l»isnmth and '.»7..")o per cent of 
zinc. If silver lie added to the mixturi'. there is also a separation into 
two alloys, so Uaig as the amount of silver is Ics-, than al)out 4b per 
cent: when it exceeds this amount, there i-> no longer any separation. 

Durocher speaks of eruptions which derive their supply from the 
pi imary magmas as belonging to th<‘ Hrst order, and those which draw 
theii- material from more or less is<duted magma basins as l)elonging 
to the second oichu. The latter furnish rocks ’svhich depart from the 
normal type, and this he explains. i„ p-u-t at least, by assuming a 
process of s(>paration analogous to that by which the priinary magmas 
were produced. Thus he sav': 

It is tlnuefoie piobal)le that phonolitic and trachvtic porphvrv are 
only the two opposite ju-oducts of a liquation which took place in 
the midst of the Hind mass; they are. as it were, the two inverse ailovs 
into which we so otten see a metallic bath dividi' itself 
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The type of magmatie differentiation coneeived by Durocher may 
be illusti’ated by a very simple experiment. Place some phenol and 
water in a Florence flask: two immiscible conjugate solutions will be 
formed — a solution of water in phenol at the bottom and a solution 
of phenol in water at the top. Now heat the mixture to 6!F C. . and a 
perfectly homogeneous solution wilt be produced. On cooling, this 
will again break up into two. Clouds are tirst formed in the cooler 
portions of the liquid, and after the coalescence of the minute drops, 
gravitj" is able to effect a perfect separation of the two solutions. 

Do silicate solutions behave in the same way Backstroui has 
recently argued that they do; but until the fact has been detinitely 
established by expei-iment, there will always remain a certain ehmient 
of doubt. The sharp separation of basalt and granophyre. which 
is so striking a feature of the Brito-Icelandic province, suggests 
that the two magmas represented by these rocks may separate in the 
manner just described. But the great viscosity of fused granophyre 
at atmospheric pressure and easily accessible temperatui’es would 
probably prevent the attainment of any decisive result. 

Clarence King maintained that local lakes of fusion were formed 
bv relief of pressure, and that differentiation took place partly by 
liquation in Durocher's sense, and j)artly by the rise or fall of crystals. 

The physico-chemical speculations, which played so important a part 
in the science of rocks during the middle of the century, were neglected 
for a time, in consequence of the opening up of a new held of observa- 
tion by the introduction of the microscope: but of late years we have 
returned to these speculations with renewed vigor, and with a wealth 
of facts at our disposal which the earlier theori.sts would have envied. 

The miiieralogical composition and microscopic structure of all 
kinds of igneous rocks have been determined, reliable ehemical 
analyses have been made, and the problem of the origin of petro- 
graphical species has resolved itself into the (piestion of the evolution 
of the magmas. Especially noteworthy is the stimulus given to the 
chemic“al side of petrology by the magniticent work of the United 
States (leological Survey. We have now some four or five new and 
original classifications of igneous rocks largely based on the anah ses 
of Clarke. Hillebrand, and their assistants, and the cry is, "Still they 
come!" But the authors of these analy.ses have hitherto refrained— 
perhaps wisely — from attempting any general classification of rocks 
from a chemical point of view. The number of constituents is so 
large that there is no reason, .so far as I can see. why every petrog- 
rapher should not have his own cla.ssificatiou and his own method of 
graphical representation. 

The idea that petrographical species have originated by differentia- 
tion from homogeneous magma.'', and possibly in the first instance 
from some one primordial magma, has been greatly developed during 
the last decade of the century, especially bj- American and Norwegian 
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petr()gTapher>. Thus Professor Iddiiio-s, in the introduction to his 
important memoir on tht' Orisiin of loTieous Rocks, says: 

"The ol)ject of the present paper is to ^ive the writer’s reasons for 
concluding that all of the volcanic and other igneous rocks of any 
region are so intimately connected together by mineralog-ical and 
chemical relations that they must have originated from some single 
magma whose comj)osition may be ditl'erent in diti'erent regions; and, 
further, that it is the chemical differetitiation of this primary magma 
which has gi\ en rise to the various kinds t)f igneous rocks." 

Th(‘ fact that the (li\-erse ignt'ous rocks of certain districts are often 
bound together by common mineralogical and chemical characters 
which distinguish them from the corresponding rocks of certain other 
districts was clearly na-ognized by Professor .Judd in his well-known 
})a])er on the Yolcatio of ('hemnitz. and subse(|uently crystallized by 
him in the happy ex[)ression jadrographical provinci'. as applied to 
any district in which tin* igneous rocks ha\e ci'rtain common charac- 
teristics. d he idea has been still further extt'ndcal and elaborated by 
Professor hidings, who sei's in the common charai-teristics the indica- 
tions of a kind of blood ixdatiotishii) or consanguinity, which can only 
be explaiiK'd on the assumption that the ditl'erent species of one and 
the same proyince have originated by ditl'erentiation from a single 
homogeiK'ous magma. 

Professor Prtigger, in his remarkable serii's of studit's on the rocks 
of the t'liristiania district, has still further generalized this idea, and 
much of his work is directed toward the evolution of a genealogical 
tree, in which the twigs shall corresjanid to the tinal products of dif- 
ferentiation, the larger branches to some of the plutonic masses, and 
the trunk to the primordial homogeneous magma. 4'he idea is a fas- 
cinating one: s(> non e yero. c ben tiT»vato. But it must ))e admitted 
that we know very little about the causes of the assumed ditlerentia- 
tion. These are supposed to be of two typ(‘s: ( 1) those which atfect 
the licpiid magmas, and (- 2 ) those connected w ith tin* separation of the 
minerals. iMagmatic ditl'ercnti;itiou is generally regarded as the most 
important, but it is the type of whi<-h we know least. Soret’s princi- 
ple. to which 1 have api)ealed, will. 1 fear, help us very little, though 
it is undoubtedly a vera causa. Mr. Harker has (dearly shown that, 
as applied to a mass like the ( 'arrock-F(dl gabbro. it breaks down 
hop(dessly when subjected to a ((uantitative test. The principle of 
Gouy and Chaperon is even more unsatisfactory. Durocher's liqua- 
tion theory is, perhaps, more promising, but until it has been proved 
by actual experiment that then' is a nail analogy lietwei'ii baths of 
fused metals and silicate-magmas, it can not be said to rest upon an 
assured basis, haraday s researches on lead glass certaiidy su«-(>-est 
that gravity may act ditierentially on tht‘ constituents of silicate- 
magmas. independently of the principle of (bniy and Chaperon. Thus 
he found that glass taken from tlie top of pots not more than 6 inches 
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deep might liavc a density of 3.28 while that from the bottom might 
have a densiW of 3.S5; but there is some doubt as to whether the 
constituents were ever uniformly mixed in the molten state, and if 
not, whether sutficient time was allow'ed for diffusion to establish 
homogeneity. It is certain, however, that they were uniformly mixed 
in the solid state, and the experiments are therefore of great interest; 
for, if thev do not prove differentiation in a molten mass they prove 
that a unifoi’m solid mass may become differentiated as it liquefies by 
a kind of liquation process analogous to that which takes place in the 
extraction of silver from copper. 

Professor Iddings has carefully considered the chemical composi- 
tions of groups of rocks belonging to several different petrographical 
provinces from the point of view of the differentiation hypothesis, 
and has arrived at the conclusion that "‘the simple oxide molecules 
shift about independently of one another to a great extent." If this 
conclusion he correct, it is clear that the phenomena can not he 
explained hv the hypothesis of a differentiation solely connected with 
the formation of known minerals. But this view does not ai)pear to 
he accepted hy Professor Brogger, who believes ’^hat the process of 
differentiation must be referred to magmatic diffusion of definite 
chemical compounds to and from the cooling surface; further, that 
these diffusion phenomena in all probability stand in direct relation 
to the order of crystallization of minerals in the corresponding magma, 
and, lastl}'. that the order of crystallization, the nature of the dif- 
ferentiation. and the sequence of eruptions are all closely related 
phenomena." 

Differentiation dependent upon crystallization rests on a somewhat 
firmer basis, and it was this kind of differentiation that first attracted 
my attention. INIr. Clough, while mapping the C'heviot district, proved 
that the widespread series of andesitic lavas is cut by a number of 
(juartz-felsite dikes. AVhv did quartz-felsite succeed andesite in the 
Cheviot district? This was the question which kept continually recur- 
ring to me during my examination of the rocks of the di.strict. Now, 
a microscopic examination of the andesites proved that the phenocrysts 
taken together must have the composition of a basic rock, for they 
were composed of labradorite. augite, and hypersthene, and therefore 
the glassy base present in .some of the andesites must be allied to 
quartz-felsite in composition. The sequence established by Mr. Clough 
could therefore he explained by the assum])tion that the ()uartz-fel.site 
magma represented the mother liquor of the andesitic magma, after 
the phenoervsts had separated out. Thus, if crystallization had pro- 
gres.sed in the plutonic mass to the stage represented by the pheno- 
crysts of th(' lava, or a htth' furtht>r, and the mother liipior had then 
bei'ii s(jueezed out as out' sciueezes water out of a spong(\ or separated 
in any other way, and forced upward into cracks in the overlying 
series of andesitic lava Hows, the question above referreil to could be 
SM 1902 20 
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satisfactorily answered. I was fortunately able to test the theory 
quantitatively, for ilr. Waller had already analyzed one of the quartz- 
felsites, and Dr. Petersen had published analyses of the gdassy base of 
one of th(' andesites and of the devitritied base of another. On com- 
paring the mean of the two anah’ses of the base with the anah’sis of the 
quartz-felsite. it was found that of the eight constituents six differed 
by less than 0.4 per cent, silica differed by 0 . 2 . and soda bv 1.46." 

I, ; II. HI IV. [ Difi. 
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K.,0 1 4 97 .7.74 .7.24 .7.6 +0.36 

N.l.n ...I 2.2.7 3. 6.S ; 2 96 1..7 -1.46 
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J ti.i-roi ii\ p'-i'iliunr- Jioin I'.iirhuugli. r>u ay Burn. ini'-. iKbert.) 

1 1 I>u\ itiifu'il lia«‘ nf J mi Ids up All«'ili<»pf Bum. ; W'ulf i 

III Mc.in "f tliu two aiialv'fs 

n’ frean diku <ui Uk* C«>«juut. nm-hali niiU* aI»ovpShnimi to fjiriii. ( ( WallcT.; 

Differentiation dependent on crystallization is a fact which can not 
be denied: for tlie igneous, magma, except when it cools as a glass, 
separates into distinct minerals which do not. as a rule, consolidate 
simultaneously. But the acceptance of this fact does not involve the 
accejitance of the differmitiation theory of the origin of petrograjihical 
species, for. as M. IMichel Liby points out. the crystallization of a 
magma under ordinary circumstances does not commence until it has 
reached a pasty state. MM. houqiie and Levy observed no tendenevto 
differentiation, of tin' kind required to iiroduci' pi'trographical spc'cies. 
in their ct'lelirated synthetical experiments. The centers of crvstalli- 
zation were uniformly distrilnited throughout the ma.sses, 7 vhich were 
too viscous to allow of any a|)piecial)l(' movement of the tirst-formed 
minerals. Xeverthehsss. tin' facts observed bv Darwin and others 
clearly jirove that in large masses of lava, even at the surface of the 
eai'th. movement of crystals is jiossible in igneous magmas, and M. 
Michel Levy himself admits that such movement mav become, an 
inipoi tant factor under c(>rtain eircumstances. 

Mr. llarkei has suggested another way in whieh crystallization may 
operate .so as to produce variation in a mass of rock. He has shown 
that the Carrock-Fell gabbro vari<‘.s in composition from the center to 
the sides, and that, as .so frequently happi'iis in eruptive mas.sos. the 
latter are more basic than the former. He considers ‘’that tin- differ- 
entiation took iilace by dirtusiim in ailuid magma. Imt not as a process 
di.stinct from and (piite anterior to crystallization. It was, as I believe, 
effected in a (|uasi-s;iturated niagina. concurrently with the crvstalliza- 

''Astlie liviir+s .miK- l.ysi.l+ in the nrigiiial papei- ( Geol. Maj;. KS8.s 

p. 106', 1 llieiu HOW. ’ ’ 
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tion of the eiirlier-fonned minerals; * * * (-[jq characteristic of 

all [such occurrences] is that the several constituents are concentrated 
in a definite order, which is identical with the order in wdiich they 
crystallize out from the magma.'' 

All theories which depend on diffusion or molecular How have been 
criticized by Mr. Becker on th(> ground that the rate of ditfusion is 
too slow to produce the results attributed to it in any reasonable time. 
He shows that, in the case of a column of water la'sting upon a layer 
of copper sulphate, the lapse of l.ooP.Ouo years would be laMpiiri'd to 
produce sensible discoloration at a height of H.IO meters, or semisat- 
uration at a height of bd meters; and he considers that the molecular 
How of any compound in a silicate magma would probably be at least 
Hfty timi's less rapid, so that a mass of lava 1 cubic kilometer in vol- 
ume "would not have had time to segregate into distinctly ditferent 
rocks by molecular How if it had been kept meltt'd siticc' the clos(' of 
tlie Archaam period." I am by no nnains aveu'x' to making luau y drafts 
on tlie bank of time for g(>ologicat purposes. l)ut unless some (‘H'ective 
answer to Mr. Becker's arguments can be found I think that w(‘ sliall 
have to givt' up unaided molecular How as an important factor in the 
origin of petrographieal species. 

Mr. Becker has not, however, simply conHned himself to destructive 
criticism. He has proposed a tlieory of diHerentiation dependent on 
"fractional crystallization." During the cooling of a mass of moltim 
matter in a dike or laccolite. convection currents will be established. 
'I'hese will act as stirrers, and, aided by diH'usion. will tend rapidly to 
restore homogeneity in the liquid mass after it has been destroyed by 
the deposition of the Hrst-formed crystals on the ^\alls of the cooling 
surfaces. Ih' compares a laccolite. in which thi' marginal parts are 
ditferent from the center, to a l>arrel of cider which has been frozen 
from the outside. During tin* earlier stages nearly pure ice is formed 
on the walls, while the alcohol is concentrated in the central portion; 
from this a li<pior. gradually increasing in strength, may be drawn off 
as consolidation progresses. Here w(“ sis' a furtlu'r de\elopment of 
the idea originated by Darwin. 

All forms of the diHerentiation theory take as their starting ])oint a 
homogeneous magma, and then ])i-oceed to derive from it the ditferent 
varieties of igneous rocks as we now .see them by magmatii- or sonu‘ 
other form of ditferentiation. Are we justitiial in taking this view t 
As applied to certain districts, and especially to the f'liristiania dis- 
trict which Professor Brbggm- has done so much to elucidate, it has 
proved of great value. But if we look at the general (pu'stion, there 
are manv facts which should givt* us pause. Tin' I'arth s crust is cer- 
tainly heterogeneous, and if magmas are. in an\ case, formed by the 
refusion of solid rocks, it is ])robal)ie. as Mr. Becker luis pointe<l out, 
that such magmas would be heterogt'neous at tin' start. Kven the 
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refusioii of homogeneoius roi-ks may give rise to a heterogeneous 
magma, comparable to that produced by Faraday in his experiments 
on glass. The cause of some of the variations in igneous rocks is 
therefore probably to be sought for in actions which antedate the 
formation of the magmas. But even homogeneous magmas may 
become moditied by the absorption or assimilation of the rocks 
through which the\’ pa.ss. This point has been clearh^ established and 
espei'ially emphasized by M. Michel Levy, Professor Barrois, and 
Professor Lacroix in France, and by Dr. Johnston Lavis, Professor 
Sollas. Professor Cole, and Mr. Harker in this country. 

That it is a vera causa is admitted on all hands, but differences of 
opinion exist as to the extent to which it should be applied in explain- 
ing the origin of ])ctrographical species. 

If we study igneous rocks which have appeared at the surface as 
lavas, or have been intruded at moderate depths as dvkes, sills, 
laccolites, or bosses, the evidence of ab.'^oi’ption is, in my judgment, 
so slight as to be practically negligible; but if we pass from such 
regions to others in which plutonic rocks are found in relation with 
crystalline schists and study ” les api)areils graniticpies a racines 
profondes" of il. Michel Levy, the case is different. It may be that 
the tinal solution of the problem of the origin of igneous magmas will 
be found in the.se regions; Init here we touch a question which belongs 
to the future rather than to the past, and lies, therefore, beyond the 
scope of this address. So far as I am concerned, 1 will confe.ss that 
my ideas are not tixed. At pre.sont I am not di.sjmsed to attach much 
importance to theories involving differentiation in situ by unaided 
molecular flow in dikes and laccolites; but rather to attribute such 
variation as does occur to, succe.ssive eruptions, or to a continuous 
change in the nature of the material during the proce.ss of intrusion. 
The great. difficulty in applying any theory that involves differentia- 
tion in situ to such cases arises from the slight (‘ff'ect of the igneous 
magmas t)n the containing walls— a fact which negatives tlie idea that 
the material arrived at the place where we now find it in a condition 
of superfusion, or that it remained fluid long enough to enable, any 
considerable diffusion to take jflacen 


Our ideas as to the origin of igneous rocks are still '• en pleine 
evolution." Conditions are rapidly changing in consequence of dis- 
coveries in geology and phy.sieal chemistry. Rival theories are strug- 
gling for existence, and although it is .safe to pn'dict that some wHl 
become extinct, that others will l)e moditied. and that natural selection 
will finally Iwing about the survival of the fittest, it is impo.ssible to 
determine at pre.sent the relative importanVe of those which claim 
our attention. 


The origin of petrographical .species, 
are concerned, is a problem the tinal 
handed on by the nineteenth centurv to 


■SO tar as the igneous 
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its succes.sor. 
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rRELIMlNARY REPORT ON THE RECENT ERUI^TION OF 
THE SOCFRIERE IN ST. VINCENT. AND OF A VISIT TO 
MONT PELEE. IN MARTINIQUE." 


By Tkmi’k.st Andkr.sox, M. D., B. Sc., F. O. S.. and John S. Flktt, 
:\I. A.. I). Sc., F. O. S.'' 


[Dr. Tempest Anderson and Dr. John S. Flett, who received a com- 
mi.ssion from the Royal Society to investioate the recent volcanic 
eruptions in the ^Vest Indies, more especially in St. Vincent, submit 
the following- preliminary report:] 

M'e arrived at Barbados on June 8 (having left London on May 28), 
and thence proceeded to St. Vincent, w’here nearly four weeks were 
spent, mostly at Chateaubelair and Georgetown, in the vicinity of the 
Soufriere. On June 2h Dr. Tempest Ander.son went to Grenada to 
examine the lagoon at St. George's, returning some days later. Dr. 
Elett remaining at St. Vincent to complete his investigations. 

On Juh- 6 we arrived at Martinique, and on the 12th left that island 
for Dominica, where we remained until July 17. when we returned to 
Barbados. In all six weeks were spent in the IVest Indies. 

In the IVindward Islands, in the month of July — the middle of the 
rainy season — the work of a geological expedition is necessarily attended 
with many difficulties, but these were greatly mitigateil by the kind- 
ness rendered by all with whom wt‘ came in (-ontact. To Sir Robert 
Llewelyn. K. C. M. G.. the governor of tin- Windward Islands, and to 
the administrators of St. Vincent, St. Lucia, and Dominica, and other 
officials connected with the colonial office, we are especi-ally indebted 
for information, advice, and assistance. Dr. Morris, C. M. G., of the 
imperial department of agriculture for the West Indies, and the 
members of this department in the various islands received us with the 
greatest kindness and gave us invaluable help throughout. The man}’ 
planters and overseers of estates, medical men, and merchants to whom 
we made ai)plication for information or for assistance received us with 
that courtesy and hospitality which are characteristic i)f the colony, and 

" Reprinted, by pennis'idii, after revision by the aiitliors, from I'roceedings of the 
Royal Society, London, Vol. LXX, Xo. 4().5, Auj;nst "2, lb02. 

'' Communicated by the secretaries < if the Royal Society. Received August 1 1 , lit02. 

309 



310 


EKUPTIOiSr OF THE SOTJFEIEKE IN ST. VINCENT. 


did e\'erythiiio- in their power to forward our work in I'very way. In 
Martinique the governor of the i.sland gave u.s every facility for con- 
ducting our scientific itn estigations. In this l)rief preliminary report 
it is impossilde for u.s to mention by name even a small proportion of 
those who, often at considerable inconvenience to themselves, lightened 
our labors by their kind provision and forethought. In every place 
we visited we found friends who were willing to direct, assist, and 
accompany us; and without theii- help it would often have been impos- 
sible for us to make satisfactory arrangements or to accomplish our 
work. In this way what might have been a very arduous undertaking 
was greatly lightened, and we wish to jjlace on record our deep 
indebtedness to our many kind fiaends in tlie l\’indward and Leeward 
islands. 

Th(‘ island of St. I'incent is of oval form, l.S miles by 11 miles, the 
longer diameter being nearly north and .soutli. A mountain chain 
■stretches along the main axis of the island and reaches to a height of 
i.UOti to 4,C(io feet, the highest point being jnst over 4,000. It is 
entirely composed of volcanic materials, the beds of lava and tutf dip- 
ping away in all directions from the caaitral mass toward the sea. In 
the southiTn part of the island volcanic action has long been extinct 
or dormant. t)ut at the northern end stands the still active Soufriere, 
a striking volcanic cone 4.04S f«‘et in height, with a crater nearly cir- 
cular in form and aliout 1 mile in diameter. Along the leeward side 
of the island \'ery tine section." are expo.sed. and these show it to con- 
sist of \ olcanic rocks, of which by far the commonest is a coarse ande- 
sitic agglomerate or tutf. though there are many lava streams which 
may bo traced as vertical clifls along the vall(‘v sides, alternating with 
till' gentler slopes due to tin* thick beds of ash. The scenery is bold 
and pictures(jue. the hea\ y trojjical rains acting on steep slopes ha\ ing 
etf'ected rapid and intense ei-osion. .\s a consi'quence. deep valle\’.s 
radiate out from the cmiti-al ridge, s(‘parated by high, narrow spurs 
running down to the .sea. On the windward side, ladow the level of 
7(»(> feet al)ove the si'a. there ar(‘ considerable stretches of flat or gentlv 
■sloping ground on which stand many of the most important arrowroot 
and sugar estates. 'I’he first glance at the.se lower grounds sutlic(>s to 
show that they are very distinct in contiguration from the highlv eroded 
and d(>eply sculptured uplands, and further investigation reveals the 
presence of more or less well-marked beaches or tc'rraces — a svstem of 
old .sea beaches or rock platforms partly obliterated by subaerial ero- 
sions and in .some places covered with debris. On both sides the sub- 
mariiK' sloi)es are steep. ))nt most .mj on the leeward coa.st, as on the 
(‘ast or windward side there is a considtu-able expanse of shallow water 
in which a submerged terrace at a depth of l.")() feet can be traced by 
means of soundings, as indicat'd on the charts. Tln>re are no rai.sed 
coral beaches here, as in .some of the other i.slands, and the latest move- 
ments of the land have probably been in a downward direction. 
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The Soufrioie Mountain forms the northern extr(unity of the 
island, and its general form at once sugge.sts a comparison with \Tsii- 
vius. It is a simple cone without lateral or parasitic craters. The 
one at its summit is surrounded on the north side by the remains of 
a gigantic crater ring, which has tlie same relation to the present 
crater as Sonnna has to Vesuvius. On tlu' northeast lip of the main 
crater there is a smaller one known as the New Cratei’. as it is believed 
to have originated in the eruption of bslrl. It is onl\ oiu'-third of a 
mile in diameter. It is doubtful whether the New Crater was active 
during the late (‘ruption, and there can bt' no doubt thjit it was from 
the principal or '’Old Crater.” that the materials mostly were emitted. 
Deep valleys, often with precipitous sides, ha\e l>een cut in the slopes 
of the mountain, especially on its southern si(h\ and it is in these - 
and particularly in the Wallibu. Kozeau. and Kabaca Dry Itiver — that 
the greater part of the ejecta of the recent eruption have eolli'ctc'd. 

The eruption of ^lav. though sudden in its outburst and dis- 

astrous in its effects, was far from unexpected. In the north of St. 
Vincent there were two .settlements of the aboriginal Caribs. and 
these had been so startled by the freejuent violent earthcpnikes. that 
in February of last year they were considering the advisability of 
deserting the district. But the lirst signs of actual volcanic activity 
were on Tuesday. INIay d. The inhabitants of the leeward side were 
fortunate in having a clear view of the crater, and. warned by the 
outbursts of steam, they fled to Chateaubelair and other ])laces along 
the coast line to the south, so that few lives were lost in this (juarter. 
But. on the windward side, the summit of the mountain, as is fre- 
(piently the case, was wrapped in cloud. Here, at the bast' of the 
mountain, there is an extensivt' stretch of flat land, known as the 
Carib country, on which were sitiuited some of the largest and richest 
estates in the island, with a dense population mostly black ov eolort'd. 
!S() little alarm was felt here that even on the morning of Wednesday, 
Mav 7. when the leeward side was practically deserted, sugar making 
was in progress on several estates, and all the operations of tropical 
agriculture were being conducted as usual. From Kingstown tele- 
j)honic messages were sent to Deorgetow n. which is not far from the 
ba.se of the hill, stating that the Soufrmre was in eruption, but they 
appear to have occasioned litth' anxiety. And when, about midday 
on M'ediicsday, the danger was too obvious to be ovt'rlooked. the 
Kabaca Dry Kiver. and some of the streams on the windward side, 
usuallv dry except after rains, were running boiling hot. and could 
not be crossed. ^lanv fugitives in this wav found their escape cut off'. 
It was here that the loss of life was greatest, which, though many 
escaped, is estimated to ha\ e amounted to :1.000. including about a 
dozen white men — the overseers of the plantations. The exact num- 
ber will never be known, as many were entombed in the ashes where 
they fell. 
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About midday on Tuesday the lirst .signs of the eruption were 
observed by those dwelling on the .southwestern side of the mountain. 
At 2.1U that afternoon there was a considerable explosion, and a large 
cloud of steam ascended into the air. B_v 5 o'clock a red glare was 
visible in the steam cloud on the summit. Activity continued during 
the evening, and at midnight tliere was a great out})urst and red 
flames were noticed on the lip of the crater. Next morning from 
C!hateaubelair a splendid view coidd lie obtained of gigantic mushroom- 
shaped clouds rising to a great height in the air — estimated at 30,000 
feet — and drifting away ])eforo the northeast trade wind. As the da}' 
advanced the eruption increased in violence: by 10.30 a. m. enormous 
clouds of vapor were lieing emitted with loud noi.ses. accompanied b}- 
much lightning. It is remarkable that at that time the inhabitants of 
the windward side were still in doubt about the r(‘ality of the erup- 
tion, since they mistook the dark cloud covering the mountain for a 
thunder cloud. The mountain was now in a state of continuous 
activity, and from Chateaubelair it could be seen that the materials 
were mostly discharged from the old or principal crater. Vast douds 
of steam, showers of dark matter (probably mud), and of stones, could 
be seen projected from it. partly on the leeward, but mostly on the 
windward side. At midday the slopes of the mountain were still green 
and the rich mantle of tropical vegetation had not yet been destroyed. 
A thin layer of tine ash liad fallen over the lower ground, only .suffi- 
cient to give the leaves a grayish color. The enormous columns of 
vapor continued to ascend from the crater, with frequent violent out- 
bursts, projecting showers of .stones and mud. 

About this time it was noticed that steam was rising from some of 
the valleys on the south side of the hill, and this increased till at 12.50 
the whole mountain was suddenly enveloped in a dense cloud of vapor, 
dust bof(U-e this the rivers Wallibu and Kabaca had been seen rushing 
down in raging floods of boiling water. It is most prol)able that these 
phenomena were due to the' escape of the crater lake, which was driven 
over the lower or south lip of the crater between 12 o'clock and 1 
o'clock on the Wednesday afternoon, and poured down the vallevs to 
the sea. .‘'^o far a.-, we know there were no mud lavas, in the ordinary 
sense, flowing down thesi* \ alleys, but only a tremendous rush of boil- 
ing' water, which left no traces which we could recognize when we 
visited the district. 

By 1 o clock the roaring of th«‘ volcano was tremendous. Showers 
of stones were being projected both to windward and to leeward. The 
enormous columns of steam continued to a.sccnd from the crater. The 
lightning.s W(uv terrific, and after the large outbursts which took place 
every few minutes volumes of vapor might be seen covering the 
whole area. Hitherto the eruption had been of a type with which 
gTOlogists are familiar, and the destruction done was ‘contined to the 
highei paits of the mountain in the close vicinity of the crater. 
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But about 2 o’clock — to quote the words of an eyewitness (ilr. T. 
M. McDonald, of Richmond Vale Estate) — “there was a rumbling and 
a large black outburst with showers of stones, all to windward, and 
enormously increased activity over the whole area. A territic, Imge 
reddish and purplish curtain advanced to and over Richmond Estate." 
This was the strange black cloud which, laden with hot dust, swept 
with territic velocity down the mountain side, burying the country in 
hot sand, sutfocating and burning all living creatures in its path, and 
devouring- the rich vegetation of the hill with one burning blast. 

On the leeward coast few were overtaken by the black cloud, as the 
inhabitants had fled and taken refuge in the villages south of Chateau- 
belair. Those who were caught were killed or badly burned. One 
boat was near Richmond at the time the blast swe})t down. Thev 
describe the heat as fearful. Hot sand rained into the boat and the 
sea around was hissing with its heat. The darkness was so complete 
that a man could not see his hand. They saved their lives by diving 
into the water; when they returned to the surface the air was suffo- 
cating, but they continued to dive again and again, and, when at their 
last gasp, they found that the air cleared and they could breathe 
again. This occupied only a few minutes — probably much less in 
reality than it appeared to them. One man was too exhausted to con- 
tinue diving: he clung to the gunwale of the boat, and the tops of his 
ears were severely scorched. 

It maj" be worth while to quote the descriptions of a few spectators 
who saw this cloud from a safe distance. Dr. Christian Branch, of 
Kingstown, writes: 

“ We saw a solid black wall of smoke falling into the sea about 2 
or 3 miles from us. It looked like a promontory of solid land, but 
it rolled and tumbled and spread itself out until in a little time it 
extended quite 8 miles over the sea to the west. * * * Then 

begun the most gorgeous display of lightning one could conceive. 
* * * It was still bright daylight, but the whole atmosphere 

quivered and thundered with wavy lines intersecting one another like 
trelliswork. We Avere encircled in a ring of fiery bayonets." 

Another eyewitness (the Rev. Mr. Darrell, of KingstoAvn). who 
was in the same boat with Dr. Branch, describes it as follows: 

“We Avere rapidly proceeding to our jxjint of observation Avhen Ave 
saw an immense cloud — dark, dense, and apparently thick Avith vol- 
canic material — descending over our pathAvay, im])eding our progress 
and Avarning us to proceed no farther. This gigantic bank of sul- 
phurous A iipor and smoke assumed at one time the shape of a gigantic 
promontory, then as a collection of tAvisting, revolving cloud Avhirls, 
turning with rapid velocity — now assuming the shape of gigantic 
caulifloAvers, then efflorescing into beautiful floAAer shapes, soim* dark, 
some effulgent, some bronze, others pearly Avhite, and all bi-illiantly 
illumined by electric flashes." 
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On the windward ^^ide of the inland an uninterrupted l iew of the 
progi'ess of the eruption could not be obtained, owing to the veil of 
cloud which obscured the summit. midday on AVednesday even 
the most skeptical were convinced that the Soufriere was in eruption, 
and that the noisi's heard continuously were not due to a thunder- 
storm, Before midday there had been very heavy rain showers, and 
it was noticed that the raindrops carried down tine particles of ash. 
AA'ork ceased on the plantations, and those laborers who still remained 
endeavored to escape to (xeorgetown or shut themselves up in their 
houses. By '2 o’clock tine ashes, with occasional lai'ger stones, were 
falling steadily. ))ut, as I’et, little damage had been done, and no one 
had been injured. Then came the climax of the eruption, and those 
who were in the open air saw a dense black cloud rolling with terrific 
velocity down the mountain. They took refuge in their houses and 
in the plantation works, where they crowded together in such num- 
bers that in one small room 87 were killed. The cloud was seen to 
roll down upon the sea. and was described to us as Hashing with light- 
ning. especially when it touched the water. All state that it was 
intensely hot. smelt strongly of sulphur, and was suH'oeating. They 
felt as if stiniething was compressing their throats, and as if there 
was no air to breathe. There was no tire in the ordinary sense of 
the word, otdy the air was itself intensely hot and was charged with 
hot dust. The suffocating cloud only lasted a few minutes. Those 
who survived this ordeal mostly escaped, though many died ivithin a 
few hours from shock, t)r from the severity of their injuries. In 
some cases a few survived, entirely or almost (mtirelv uninjured, 
in a room in which many others died. Alost of tln)se who escaped 
had shut themstdves up in the rum ctdlars (jr in substantiallv built 
houses, and had tirmly closed all doors and windows. Bv the time 
the hot blast had reached the coast the sand it contained was no longer 
incandescent, and though still at a very high tempiM-ature it did not 
set lirt' to wood or burn the clothes of those exposed to it. The burns 
on the survivors were chietly on the outer aspect of tin* arms and legs, 
and on the faces, and contined to parts not protected by their clothes. 

C'ompleb' darkness now covered tin* wholi* north end of St. A’in- 
cent a darkness more intense than any that the inhabitants had ever 
before experienced. The fugitives had to creep along the roads or 
feel theii va\ along the* loadsides. 1 he roaring ol the uiountain was 
terrible— a long, drawn out, contitmous sound rescmlding the roar of 
a gigantic animal in great i)ain. Fitie ash and sand raimal down over 
the \\ hoh* countiN . with occa.s!onal showers of lai’g'e stones. Sixme of 
these weie so hot as to si*t fire to the trash roofs of huts in the 
south end of Georgetown, at a distance of 7 miles from the crater. In 
Kingstown, 1:1 miles from the Soufriere. the ash was at first moist, 
but afterwards dry. It had a strong sulphurous smell, and pattered 
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oil tho roof>s like u hciu y shower of tropical rain. Around the volcano 
the earth shook and trembled continuously, and the motion was 
described to us as undulating rather than resembling- the sharp shock 
of an earthr|uake. Only in one or two ca.ses were the walls of houses 
injured. What was taking- place on the summit of the mountain no 
one can tell, hut all who passed that night in the vicinity of the Sou- 
friere agree that there was one black sutlocating cloud, and only one. 
In all probabilitv the eruption had reasaumed the ordinary phase, and 
the showers of ash and stones were produced by violent upward explo- 
sions of steam. By half past 5 o’clock the ash was falling in Barba- 
dos, iOb miles to the eastward, whither it had been carried by the 
upper currents of air in a direction opposite to that of the trade winds. 
Tn St. Vincent the darkness lessened slightly before nightfall, but the 
rain of dust and the noises lasted till early in the ensuing morning. 

When day broke it was seen that in St. Vincent, and even in Barba- 
dos, everything was covered with tine gray ash. i-eseml)ling a fall of 
snow. The dust had penetrated into the interior of the houses, where 
it lay in a thin tilm on walls and furniture. In Kingstown there were 
stones as large as a hen's egg; in Georgetown and Chattnuibelair some 
had fallen as much as 1 foot in diameter. Little damage, however, 
appears to have been done to growing crops, except in the north end 
of the island. In fact, many believe that the sulphurous ash had 
insecticidal properties, and benefited the vegetation. From Chateau- 
belair it could bo seen that the volcano was still emitting pull's of slaty- 
colored steam, and showers of fine dust were falling on the leeward 
side of the mountain. For several days these discharges of vapors 
continued, but a new phenomenon now attrai-ted more attention. 
The ravines which furrow the south side of the mountain were found 
to be discharging clouds of vapor, and this gave rise to reports of 
fissures having opened on the tlanks of the Soufriere, of su])sidiarv 
eruptions arising from these fissures, and of streams of lava tlowing 
down the valleys. As a matter of fact, they were really due to the 
action of water flowing through the hot sand, which in some places 
had almost obliterated the c>ld stream courses, as will be explained 
more fully later on. By the 15th the volcanic activity had apparently 
subsided, and the mountain remaiiu'd clear and unclouded. The 
explosions of steam in the valleys continued, and are probably still 
going oh. 

The state of (|uiescence continued till Sunday, INhu- 18. Confidence 
was being i-estored. and the inhabitants of those districts near the 
mountain which had not sutfered severely were returning to their 
homes. On the windward side the work of burying the bodies had 
been completed and things were resuming their normal course. But 
about S o’clock that evening an ominous sound was heard from the 
crater. Its nature was at once recognized and struck the black popu- 
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lation with terror. The noises were a.s loud as those of the first erup- 
tion, and the lightning was very vivid. On the leeward side complete 
darkness prevailed, and ashes and sand fell freely for some hours. In 
Georgetown the fall of ashes was quite inconsiderable, not exceeding 
a thin film on the roofs of the houses. Graduall}' the noises lessened, 
the darkness lifted, and the moon appeared again. No lives were lost 
and practically no damage was done, but exactly what happened on 
those parts of the mountain nearest the crater it is. under the circum- 
stances, impossible to say. This second eruption was the last which 
proceeded from the main crater. Clouds of steam were sometimes 
seen gently rising for some days later, but nothing of the nature of a 
volcanic outburst has since taken place. 

We arrived at Kingstown on Tuesday, dune 10, and proceeded at 
once to Chateaubelair, where Nlr. James E. Richards, of Kingstown, 
kindly placed a house at our disposal. The geological products of this 
eruption proved to be of very simple character. The Soufriere and 
the surrounding country were coveivd with a layer of ashes mostly in 
the form of fine, dark-colored .sand, but mixed with spongy bombs of 
various sizes, and many ejected blocks composed of fragments of the 
old rocks of the hill. Lapilli and scoria are there in plentv, as is 
obvious where the heavy rains have washed away the finer material, 
but the greater jiart of the ejecta consists of fine sand, which when dry 
and hot is yellowish gray in color, but when wet becomes almost 
black. This sand, as has already been noted b}- many observers, con- 
tains plagioclase feldspar, hypersthene, augite. magnetite, and frag- 
ments of glass, and represents a fairly well crystalized hypersthcno- 
andesite niagna which has been blown to powder by the expansion of 
occluded steam. 

The coarser material is mostly a slaggy andesite with crvstals of 
plagioclase and pyroxene. Th(“re is little pumice, though we obtained 
a few fragments which floated on watc'r and contained but few crvstals 
visible t<i thi' naked eye. The larger bombs are often black, highlv 
lustrous, and glassy when broken across. Some were seen at Wallibu 
(d miles from the crater) 8 feet in diameter. The ejected blocks con- 
sist of weathered andesites and aiuhcsitic tuti's such as can be seen in 
the walls of the ci'ater. They are very numerous, and some are over 
5 feet across. In addition to the.se, fine-grained, dark-g'reen banded 
rocks occur, which appear to be baked and indurat('d sediments, prob- 
ably the mud from the bottom of the crater lake or the finer beds 
intercalated in the older voh-anic serh's. Another tvpe of ejected 
block which is very common in some parts of the hill is a coarse- 
grained aggregate of feldspar, hornblende (brown under the micro- 
scope), and perhaps olivine. It is not vesicular and contains little or 
no glass, being apparently holocrystalliiu'. These rocks are very fria- 
ble. and the crystals are loosely aggregated together. Thc'y siamied 
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to US to be coiijpanible to the sanidinites of the Eifel and many other 
modern volcanic districts. They are certainly quite unlike true plu- 
tonic diorites, both in their structure and in the character of their 
minerals. 

It may be noted that none of these rocks are characteristic of this 
eruption, but all can be found among the older materials of the hill. 
The hardened, baked sediments were well known to the Caribs, who 
have long used them for the manufacture of their finer stone imple- 
ments. The feldspar-hornblende blocks were found by us among the 
older rocks, and in some places even as rounded masses enveloped in 
the old lavas. Some of the fre.sher lajinhs in the river beds and on 
the seashore can hardly be distinguished from those which were the 
product of this eruption, though undoubtedly of much older date. 

At Kingstown, as in Barbados, the deposit of r olcanic dust and sand 
was so slight that, owing to the heavy tropical rains and the rapid 
growth of tropical vegetation, it readily disappeared, ami when we 
arrived it was necc'ssary to make careful .search to find traces of it. 
In St. Vincent, to the south of Chateaubelair, on the leeward side, and 
from '2 miles south of Creorgetown, on the windward side, the countiy 
had very much its normal appearance. To the north of these points, 
however, a sheet of volcanic ejecta covered the ground. Where it 
was thin it was rapidly disappearing. Every shower washed much of 
the tiller matter into the streams, which were flowing full of sand and 
lapilli to the sea. In the fields the arrowroot was pushing up through 
the layer of ash and covering it Avith a mantle of green leaves. 
Around Georgetown the deposit is from 1 to .3 feet deep, and some of 
the blocks are a foot in diameter. On .some of the sug-ixi--cane tields 
in the Carib country the ash lies -I feet deep, while on the higher 
slopes of the hill it is from .> feet to over feet (where it has gath- 
ered in the hollows). On the leeward side the ash is very deep in the 
valleys of the Wallibu and Kozcau Dry rivers, but north of Larikai it 
is much thinner — not above a foot or two. Tlu' north side of the 
mountain has, for reasons to be subsequently discussed, received 
comparativtdy little of the deposit, and at Point Espagnol. Owia, 
Fancy, and Quashie Point, along the north shore, the clifls and the 
country for some short distance behind them are perfectly green and 
flourishing. 

On the south side of the Soufriere a deep and broad valley has been 
eroded in the soft volcanic ash and agglomerate of which this part of 
the hill consists. It runs almost across the island, between the Morne 
Gam Mountain and the Soufriere, and it is this valley which has 
received the greater part of the ejecta of this eruption. The streams 
which flow into it— the Wallibu River on the west and the Rabaca Dry 
River on the east- have had their courses tilled with tine, hot sand 
mixed with coarse bombs and ejected blocks. We were told that on 
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tlie west side the ravine of the Kabaea Dry Kiver had been about 200 
feet deep. Tt is now almost entirely filled up, and the river is slowh’ 
euttinu its way through the hot .sand which occupies it. The .same 
thing is happening in the Wallibu Valley, but here erosion is more 
advanced, and dill's of gray, hot a.sh. some SO feet high, overlook the 
stream at a point about a mile above its mouth. On the flatter ground 
between the river gorges which trench these broad valley bottoms the 
deposit is very much thinner, {lerhaps 3 to 5 feet on the windward side, 
but often 12 feet, and .sometimes 30 or TO feet on the leeward side. 

The di.strihution and thickness of the recent ashes is not at all such 
as would have been expected had these materials merely rained down 
f' om above. IVherever there is a hollow it has been filled up, however 
deep. For some days after the eruption the stn'am valleys were level 
with their banks. On the fiat ground the deposit is much thinner, and 
on the ridges and spurs which stand up prominently there ivas com- 
paratively little accumulation. To the mind of a geologist examining 
these valleys one compari.son was irresistibly suggested — they resembled 
nothing so much as a iTigged country covered with blown snow. The 
ash had drifted into and filled up the depressions, while comparativeh' 
little had rested on the ridges between. It is conceivalfie that mud 
lavas tlowed down at an early period iii the erui)tion, and occupied the 
lower parts of the gorges: but we .saw no t'vidence of this, and as 
wherever the deeper layers of the ash are (vxposed they are still burn- 
ing hot, it is obvious that they could never have reached their present 
position in the condition of a mud lava. AA'hen we saw this countrv 
its sui'face had been deeply .scored by the rains, but those who I'isited 
it shortly after the first eruption described it as having a smooth, 
gently rolling surface like that of blown sand. This is well shown in 
photographs taken by ]\[r. Wilson, of Kingstown. on iNIay 14. The 
conclusion was foived upon our minds that immense ipiantities of hot 
sand had rushed down the hill into these valleys in an avalanche which 
carried with it a terrific blast and j)iled the ashes deep in the sheltered 
ra\ ines, at the same time sweei)ing everything otf the exposed ridges 
which lay between. The rain of volcanic material, which lasted for 
hours after the hot bla.st had pa.s.sed, then covered the surface of the 
country with a final sheeting of fine dust and scoriii. 

When w(' ascended the .Soufriere, the evidence of the i)assage of a 
hot blast laden with sand was overwhelmingly clear. The \arious 
.stages of its action, and its varying intensity at diffenait spots, are 
most ('asil\ obseitcd on the windward side, where the countrv is more 
fiat and open and there are fewer ravines and spurs to modify the 
course of its operations than in the Wallibu Valiev. 

'Phe track to the summit pass(>s across the Rabaca Dry Valley near 
the shore, then turns upward through the sugar-cane tiidds of Rabaca 
and Lot 14. These were covered with 3 or 4 feet of sand and scoria. 
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the trees all bare, their leaves .stripped In' the falling- cinders; but few 
branches were broken, and no trees had been uprooted or cast down. 
The woodwork of the houses was unburnt, though the roofs of some 
of the verandas and of the laborers' huts had collapsed from the 
weight of ashes that had fallen on them. iVIany people were killed on 
these estates. The survivors described to us how the dark cloud had 
rolled down from the mountain, and how hot and .siitfocating the air 
had been when it enveloped them. But it was evident that the veloc- 
ity of the blast was not above that of an ordinary gale, and the dust it 
carried, though hot. was not incandesceitt. 

At Lot 11 it was seen that many trees had their limbs twisted oft 
and broken, and some of the negroe.-,' houses had taken tire (probal)ly 
mostly from hot falling bombs). 'I'hc' blast was more violent here, 
but not hot enough tos('t tire to tlie woodwork or char the green wood 
of the standing timbei'. 

On the flat ground al)ove the plantation l)uildings (at an elevation 
of about 1.000 feet) a further stage of di'vastation was enc(^unteri>d. 
The fields wt'rc here swept bare, the trees broken down, though not as 
a rule uprooted, and their smaller branches swept away; a dee]) layer 
of black sand covered the crops of sugar cane. 'J'he blast was here a 
violent gale. 

A little farther up the effects of the blast were remarkable. Enor- 
mous trees had l.)een uprooted and cast down. Their leaves and finer 
branches, of course, had disa|)pearcd. In every case the fallen trunks 
pointed directly away from the crater. Even the great cotton trees, 
10 fei't or more in diameter, were broken off or uprooted. 'I'he smaller 
trees had in n few cases been sw(‘{)t away like straws, d'he larger 
were merely cast down, and lay sid(‘ by side, their toj)s directed down 
the valley, their roots tovarrl the summit of the mountain. INIost 
were chai-red. sotue deeply, but. as the w<H)d was green, only the 
smallei' bi'anchcs had been consumed, d’he efl'ect was like that pro- 
duced by a \ iolent hurricane, only more comj)lete. for many of these 
trees had withstood the hurricane which I’liined St. ^’incent in bsOS. 
At the lower limit of this region some curious etl'ects of the hot sand 
blast could be seen. Where any branches or trunks wen' still stand- 
ing thev invariably showial themselves to be burnt and (‘I'oded on one 
side — that next the crater — the wood having been charred and the 
charred material removed by the action of a hot sand blast. On the 
side away from the crater the original bark was still left unburnt, 
but dry and ])ei'rmg otl; that is, tln're had been no erosion on the 
sheltered or lei' side of the sttmis. Tlu' wood was too gi-een to take 
tire, but the sand had been sutliciently hot to char the surfaces which 
were expos('d to it. 

Farther uj) tlu' hill — that is to .say. above the 1.5oo feet level — there 
was little left of tin' rich tro})ical vegetation which had covered it 
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from summit to base. Blaekenecl remains of tree trunks were to be 
seen, overturned or broken off near the ground and buried in dark 
sand. The highest parts of the mountain are as bare and desolate a 
scene as could l)e imagined. The ash is 5 to 12 feet deep, and though 
full of large Idocks and spongy bombs, is inosth^ so tine that when 
thoroughly wet it becomes a mud, very tenacious and slipper}’, in 
which one sinks to the knee. In it there is a good deal of burnt 
timber, utterly Idackened and converted into charcoal. Ev’erything 
has been mown down, and at the same time the intense heat has con- 
sumed all the smaller fragments and charred the larger. There is 
nothing to show what was the velocity of the blast when it left the 
crater. After a couple of miles it was that of a hurricane or tornado. 
The limits between the zone of uprooted trees and that of trees still 
standing, but ])roken and much damaged, is suiprisingly sharp. At 
4 miles from the crater the blast was traveling at 20 to 40 miles an 
hour, and rapidly slowing down. This agrees with the evidence of 
an eyewitness who saw it when it reached the sea near Chateaubelair. 
It came over the water with a wave before it. but it did not overturn 
the small boats which lay in its course. 

Another peculiar feature of this bla.st is the manner in which its 
course was moditiod by irregularities in the configuration of the 
ground over which it pas.sed. To the north of the crater stands the 
encircling crater wall already referred to as tlie Somma. There can 
be no doubt that a black cloud descended over this side of the 
mountain, though here the devastation is comparatively slight, and it 
is inferred that the high intervening ridge overlooking the crater 
served as a rampart and helped to protect the country behind it from 
the effects of the blast. The .■southern lip of the crater, on the other 
hand, is the lower, and the avalanche of hot sand seems to have 
])oured over this lip almost like a fluid. Down the deep open valley 
between the Soufriere and the Morne (iaru Mountain it rushed, ever 
following the .steepest d(>scent. It clung to the vallcv bottoms and 
coursed along tlnuu in a manner which sonu'what recalls a raging 
torrent in a river. The streams in th(‘s(> valle} s, after descending the 
first part of the hill, turn sharply at a right angh' toward the coast, 
deflected by the opposing mass of the Morne Ciaru. 'I’lie hot bla.st 
mostl} followed these valley.s, and in them it piled up (Miormous 
deposits of sand, but part of it swept up the shoukh'rs of iNIorne 
Garu and tore up the heavy timb(‘r which was growing there. The 
direction in which the fallen trunks point shows that the blast was 
split into two part.s— one taking the east and one the west side of the 
mountain— rushing upward obliquely from below. The mountain 
piotectc'd tin' counti} behind, and the' liin'of demarcation between the 
burnt and tin' gi('<'n forest- almost correspond.s with the di\'iding’ ridge. 
The .south side is green; the north side toward the Souf ri.' re" is 
devastated ami burnt. 
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The effect of even comparative!}’ small ridges in deflecting the blast 
and protecting the country behind them Is still more noticeable near 
Chateaubelair. Between the rivers AYallibu and Richmond there is a 
high dividing ridge. The northern valley (the Wallibu) is tilled with 
ash and utterly burnt up, that to the south (Richmond Valley) is in 
large part green. One side of the dividing ridge is Ida^ted; on the 
other the arrowroot is again putting out its green leaves. Another 
ridge separates Richmond Valley from Chateaubelair. This ridge has 
been in many places scorched, but the country ])ehind it has been per- 
fectly protected, and, though covered with the rain of ash. has resumed 
its normal appearance. There can be little dou1>t these ridges served 
to direct the path and intercept the violence of the hot blast. 

For some days after the eruption no raiii fell, and the first to visit 
the district were able to observe the effects of the eruption unmodified 
by the erosive action of running water. But on Alay 2.5 5i inches of 
rain fell. On the previous day the rainfall had been 2A inches, and 
the rainy season now set in in earnest. The effect of these deluges 
acting on loose material lying on .-teep slopes was phenomenal, and by 
the time we reached the island the surface of the sheets of ash had 
been sculptured into innumerable furrows and runnels. They cut 
down through the incoherent .sand to the layer of burnt vegetation on 
the old soil beneath, or even into this, forming new channels, which 
varied from a few inches to many feet in depth. To one fresh from a 
temperate climate and unaccustomed to the power of tropical rains the 
rapidity of denudation under these conditions was astounding. On 
the upper part of the Soufriere beautiful feather patterns of rain rills 
converging toward a centi'al main axis everywhere characterized the 
surface. The knife edges between the valleys were the only parts 
retaining the original smooth surface, and they formed I'xcellent 
paths, as the sand was tirm. except near the summit of the hill. 

On the windward side of St. Adncent so much material is l)eing 
swept into the sea by the streams that the coast is covered with black 
sand, and near Ovei’land Adllage it is possible to walk for a mile 
beneath the sea cliff's on a broad, .sandy beach, where formerly the 
heavy surf of a weather shore beat against their ba-e. In the arrow- 
root tields the original surface is often to a large extent uncovered, 
anil on the upper slopes of the Soufriere there are many places where 
none of the new ash is left, but the bare surface of the old rocks is 
e\'ervwhere exposed to view. After a heavy tropical shower \ alleys 
which are usually dry may be tilled with a thundering torrent leveral 
feet deep and 20 or oO feet across. LTider the.se circumstances it will 
easily be understood that ali'cady many of the streams have thoroughly 
cleaned out th(> ash from the upper parts of their channels where the 
gradient is steepest. 

But when such a torrent reaches the lower valley '. which have been 
tilled with thick masses of hot sand, a strange eontlict between tire and 
.sM 1902 21 
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water can he witnessed. The river plow.s its way deeper and deeper, 
constantly sweeping- the material into the sea. The valleys, at tirst 
almost ohliterated, are now rea.ssuming their old appearance. Ter- 
races on their sides g ive evidence of former levels at which the streams 
flowed. There are live or six such terraces on the Wallibu. This 
river flows in gushes of hot steaming black mud, its intermittent flow 
being due to small landslides temporarilv damming up its channel, 
only to be swept away as the pressure of the water increases. Ou the 
Kabaca Dry Kivei here has been less erosion, and only after heavj- 
rains does it reach the sea, as the water from the smaller showers is 
apparently evaporated in its passage through the banks of hot ashes. 
After rains both rivers can be seen steaming- all along the lower parts 
of their courses. 

When one of these streams comes down in force it undermines its 
banks by washing out the soft new ashes at their base. Then land- 
slides take place, and a curious spectacle results. When the hot ash 
tumbles down into the water an immense cloud of steam rises in the 
air to heights of hundreds of feet. It expands in great glol)ular 
masses exactly like the steam explosions from a crater, and as it drifts 
away before the wind tine dust rains from the cloud. We had the 
good fortune to witness a magnificent series of these explosions one 
day as we were descending from the summit of the Soufriere. It was 
in the valley of the Kozeau Dry Kiver. After every landslip a column 
of muddy water rose to about 200 feet, carrying with it pieces of stone. 
Immense cpiantities of steam shot up to TOO or 8o0 feet in the air. It 
resembled an enormous geyser of black mud and steam. In the Wal- 
libu River after every shower these steam explosions mav be wit- 
nessed taking place on a large scale. After a few hours of drv 
weather they cease, though the river can still be seen to be steaming 
strongly as it flows along. 

The structural nioditications produced upon the hill by this eruption 
have been astonishingly sliglit. We .saw no fissures, no parasitic 
craters or cones, and no lava streams. Dven the craters at the summit 
retain essentially their old configuration. All the evidence points to 
the supposition that it was from the large or old crater that this 
eruption for the most part proceeded. Hut the smaller crater has not 
disappeared, nor has it been filled up. We did not see it. but w(> can 
rely on the evidence of several observers who knew it well befon' the 
enii)tion and have seen it since. The narrow ridge between it and 
the large crater still stands, though probably somewhat lower than 
before, and possibly is slipping down in landslides on both sides. 

Dike all the higher mountains of the Windward Islands, the .Soufriere 
has usually its summit capped with cloud, especially during the rainy 
season, and this w.is the case ou both the days on winch \\(‘ made the 
ascent. On the first oi-casion the mist lifted for a few minutes and 



EEUPTION OF THE SOUERIERE IN ST. VINCENT. 


323 


enabled us to obtain a olimpse of the bottom of the crater. Fortu- 
nately we had with us Mr. T. M. McDonald, of Kichniond \hile. and 
Mr. Henry Powell, curator of the Botanic Gardens at Kinostown, 
who were both well aciiuainted with the mountain in pn'vious y(>ars. 
The crater was formerly nine-tenths of a mile across and about 1,100 
feet deep. Its inner sk)peswere steep and richly wooded. Its bottom 
Wins occupied by a lake which is said to have been ovi'r ooo feet det'p. 
The northern wall is now a naked precipice of rock, perhaps 2,000 feet 
hij>-h, from the face of which rock slides arc frecpiently tumbliny- into 
the abyss below with a loud noise. AVe did not s^et a clear view of it. but 
Professor Jaggar. of Harvard Fniversity. who ascended shortly before 
we did. was moi'C fortunate, and obtained some photographs which show 
that it consists of hnaus of tutf alternating- with beds of lava. M'hat 
seems to be a thin irregular dyke forms a ])rominent riblike mass cut- 
ting across the bedding planes. 'I'he southern side slopes downward 
for several hundred feet at an angle of about 40 , and is covc'red with 
a thick layer of tine dark mud di-eply grooved with rain chamuds. 
The lower part is a precipice of bare rock. The bottom of tlu- crater 
is nearly Hat or sliglitly cupped. When wc saw it. it contained three 
small lakes of water, greenish and turbid; that in the southeast corner 
was throwing up jets of mud and steam with a hissing noise. It was 
in very much the same condition as whmi seen by the party which lirst 
ascended the mountain on May 31 — that including Air. T. AI. AIcDonald 
and Professor Jaggar — and on a slightly later date by Lieutenant Rob- 
inson. K. E. Air. AIcDonald thought that there was rather less steam 
and the lakes of water were somewhat larger than when he saw it pre- 
viously. In his opinion and that of Air. Powell the crater was only 
slightl}' larger than before the eruption, but considerably deeper. 
The estimates of the depth varied a good deal, but it seems, on the 
whole, to be generally agreed that it is about l.tioo feet. 

Accurate measurements of the Itreadth or depth of tin- crater were, 
under the circumstances, impossible. As seen from Ghatt'aubehiir the 
outline of the lip of the crater has sutl'cred many moditicatioiis. though 
none of these is of any great importance. It is agreed that the south- 
ern edge is now somewhat lower than it was hi-fore the eruption, and 
this is continued by our barometric measurements. 

It is reported that since we left St. Vincent the amount of water in 
the crater has increased: and should this continue, a lake will ulti- 
mately be formed not unlike that which previously e.xisted there. 
AVhen the clitl's which form the north wall have reached, bv n-peated 
rock falls, a condition of adjustment ami stabilitv. and when v(‘geta- 
tion has again covered the interior slopes, it is imssible tliat the crater 
of the Soufriere will have regained very much of its ohl appearance. 
Should anyone who knew it liefore then n-turu to visit it. h(> will have 
dilliculty in l)elieving that it formed the orilice from which were 
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emitted the tremendouf!! explo.sion.s of iVIay 7, 1902. It v^as. a.s we 
saw it. an impressive spectacle, its naked, rugged walls of rock looking 
down on the steaming lakes below. 

Apart from the changes which have taken place within the crater 
and the deposits of ash which have formed in the river valleys and on 
the surface of the hill, the only other important geological modifica- 
tion of the country has been the disappearance of a narrow strip of 
coast along the leeward side of the island. Near the mouth of the 
Wallibu. and from thence northward to Morne Konde, the sea has 
encroached on the land for perhaps 200 yards. Below Wallibu plan- 
tation there stood a village of laborers' huts on a low. flat beach with 
a blufl' behind. Here the sea now washes the foot of a clifl' some 30 
feet high. This clifl' consists of soft tufl's covered with several feet of 
new, hot ashes, and is in an unstable condition, as masses are con- 
stantly falling down from its face. In this way a new beach is now 
forming in froid of it. It is agreed by those who knew the district 
before the eruption that not otdy has the old beach disappeared, which 
carried the village and the public road, but that part of the blufl 
behind has also subsided. We were informed by ilr. T. iM. ^tlcDon- 
ald, who is intimately accpiainted with this coast line, that similar 
subsidences had also taken place, though on a much smaller scale, at 
several places farthei north. There is no evidence elsewhere of anv 
changes of level of land and sea. The tide marks on the rocks and the 
landing stages at the villages enabled us to ascertain that the lo^•el of 
high water was at any rat(' within a few inches of what it had been 
before. It was clear that the alterations in the coast line were due to 
local subsidence of the foreshores, and that they had mostly aflected 
loose and ill-consoli<lated deposits, such as beach gravels and the fans 
of alluvium which had formed at the mouths of the streams. 

The submarine sloi)es on the leeward side of St. 4’incent are verv 
steep, averaging about 1 in 4. Often within half a mile of the shore, 
or sometiiiK's even less, the depth is ov(‘r lo(» fathoms. It seems most 
probable that, owing to the concussions and eartlKpiakes produced Iw 
the explosions, some of the less coliercnt accumulations on these steep 
slopes slipped bodily iido the deep. On this supposition most of the 
facts would he explained, hut at tiie same time it is possible that at 
Wallibu the inner margin of the depri'ssed tract mav 1)0 a fault line. 
It has a very straight trend, and it is n curious fact that this shore was 
formerly known as Hot A aters. This might indicate the existence of 
a fissure up which h<fl springs were rising. 

4\ hen v\e aiiived at ^laitinitpie we had the pleasure of meetine* 
Professor Lacroix, the head of the French scientific commission, which 
had spent some time in making a j)reliminary survey of iNIont Pelee and 
the north end of the islntid. and from him we obtained much valu- 
able information regarding the seipience of events and the geological 
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oonssequeiic-os of the eruptions in that quarter. It ivas our intention 
to make niert'ly such reeonnoissancos as would enable us in a o'enerai 
way to ascertain the ))oints of differenee. and of siniilaritv htdween the 
outburst of Mont Pelee and that of the S)ufrier(' and to see what 
light the phenomena in Martinique threw on the t'vents which had 
happened in St. Vincent. 

Both volcanoes are of the same type, simple cones with a larg-o vent 
near the sumiuit. and without parasitic craters. They are both de(‘ply 
scored with ravines, and on their southwest sid('s there is a broad 
valley — occupied at ]SIartini((ue by St. Pierre City; at St. \dncent by 
the Wallibu. It is in these valleys that tin' destruction lias lieen most 
pronounced. In both, the recent eruptions have bei'ii characterized by 
paroxysmal discharges of incandi'.seent ashes and a complete absence 
of lava stri'ane,. 

In St. Vincent, however, the mass of material ejected has been much 
greater, and a eonsiderabh- larger area of country has la-i'n devastated 
than in Martiniijue. That tin' loss of lib' was not so great can be 
accounted for by the absence of a populous city at the foot of the 
mountain. Had St. Pierre been planted at the mouth of the AVallibii 
Valley, there can be no doubt it would have bei'ii no less completely 
destroyed. 

On Mont Pelee we understand that a fissure has opened on thi' south 
side of the mountain between the summit and St. Pierre, from which 
tin' blast was enutted which overwhelmed the city. Ifut on the Sou- 
friere the old oritices have been made u.se of. The eruption of Pekh' 
began with the flow of mud lavas, but none such were seen in St. 
Vincent. On the other hand, the hot blast which swept down on the 
devoted city was essentially similar to that which we have described 
as having taken place at the Soufriere. Both eiuptions prodiuTd 
principally hot sand and dust with a small jiroportion of bombs and 
ejected blocks. I'he evidence of the captain of the liodibim and of 
the survivors of the Rurd 'und atl'ords a very good ich'a of what hap- 
pcin'd in St. Pierri' on May 3. An avalanche of incandescent sand was 
launched against the city. In the north end, which was nearest the 
crater, the inhabitants wore Instantaneously killed, the walls of_the 
houses leveled with the ground, and the town was ablaze in a moment. 
In the south I'lid the ruin was less. Those walls of the houses which 
faced the crater were demolished; those which ran north and .south 
still stood, even when we were there, after the second eruption. In 
this quarter also all were killed, except a pri.soner who was contined 
in an ill-ventilated cell in the prison, but we were told that for some 
minutes afti'r the blast had pa.ssed people were seen rushing about in 
the streets, crying aloud wdth pain, and many threw themselves into 
the sea to escape the agony of their burns. It must be remembered 
that a terrible contiagration followed the eruption, and for thirty-six 
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hoiirhi the eit\' wu.s u l)iirniii«’ pile. Another eruption followed on the 
20th, and east down many of the buildings which wore left. Hence 
it was difficult to be sure exactly what were the effects of the volcanic 
blast, and what had to bo ascribed to the conflagration. But we saw 
enough to satisfy us that the hot lilast was probably no less violent 
here than at St. Vincent. An iron statue of the Virgin, standing on a 
stone pedestal on the wooded cliff" overlooking the town, had been 
broken off and carried it) feet away. It la\' with the head pointing to 
the mountain, and the direction of the statue showed that the blast 
was traveling straight from the crater over the city. The cannon in 
the fort had tx'en overthrown and had fallen away from the monntain. 
that is to say, in the same direction as the statue. The projecting 
ironwork of the verandas of tlie houses was twisted and bent. The 
light-houses were' razed. Tlie ships riding at anchor in the harbor 
were lying side-on to the blast. Some were capsized, others had their 
rigging cut clean away; only tl)e Rtuhluui escaped, and she was near 
the south end of the town. It was said that one man was blown clean 
off' the The trees which were growing in the streets were 

uprooted and cast clown. iMany of them showed charring and sand- 
blast erosion on the side which faced the crater, while the lee side was 
still covered with the original bark. 

During the minute or two which this bla.st lasted, so much dust fell 
on the Ruddant that Captain Ford, the harbor master at St. Lucia, 
estimated that 120 tons wen> removi'd from her decks when she arrived 
there, and the chief engineer of the K. M. S. Exl\ who inspected her 
for Lloyd's, told us that the depth of the layer of ash was in some 
places 2 or feet. Knougli has been said to indicate the gtMieral simi- 
larity of the volcanic phenomena in Martini(jm‘ and in St. Vincent. 
A fuller conii)ari.son, and more particularly the investigation of the 
outstanding jioints of difference, is best deferred till the detailed 
results of the French commissioners' investigations ai’o to hand. 

We were fortunate in having an opportunity of witnessing one of the 
more important eruptions of .Mont I'elee before we left i\Iartini((ue, 
and this enabled us to see how far the ac'tual phenomena cornesponded 
with the ideas we had been led to form from an inspection of the effects 
of the earlier outbursts. On tlie Iffh of July we were in a small sloop of 
10 tons, the WnK rrn. of (irenada. which wo had hired to act as a con- 
venient base for our expeditions on the mountain. The morning was 
spent in St. Pierre City and among the sugar-cane plantations on the 
lower slopes of the mountain, on the banks of the Riviere des Peres. 
1 he volcano was bi'autifully cleai'. L\ (>ry ravine and furrow. I'verv 
ridge and ciag. on its gaunt, naked surface stood out clearly in the sun- 
light. (Sei' pi. 1.) 1 hill clouds veiled the summit, but now and then 

the mist would lift sufficiently to show us tin' jagged, broken cliff 
wliich o\ei looks the deft, I roin the triangular fissure which serves 
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as th« crat('r hardly a whitf of .steam was seen to rise, and the f^reat 
heap of hot ]>owlders which lie.s on the north side of and above this 
fissure could l)e perfectly made out. (See pi. II.) Small landslides 
took place in it occasionally, and .small jets of steam rose now and again 
from between the stones. 

A little after midday large steam clouds began to rise, one every ten 
or twenty minutes, with a low rumble. .Vs they rose they expanded, 
becoming club-shaped, and eonsi.sting of many globular rolling masses, 
constantly increasing in number and in size as they ascended in the 
air. They might be compared to a bunch of grapes, large and small, 
or to a gigantic cauliflower. Wlien tlu'ir upward velocity diminished 
they floated away to leeward, and fine ash rained down in a dense mist 
as they drifted over the western side of the mountain. I'hey occa- 
sioned no anxiety in our minds, as we had found that the mountain 
was never long without exhibiting these di.scharges, and they were due 
merely to an escape of steam, carrying with it tine dust. They rose, 
as a rule, to heights of 5,(100 or ti.OdO feet above the sea. 

That afternoon, as the sun was getting lower in the heavens and the 
details of ravine and spur showed a contrast of liglit and shadow which 
was absent at midday, we sailed along from St. Pi(M re to Precheur, 
intent on obtaining a st'ries of general photographs of the lull. The 
steam putts continued, and about (> o’clock, as we were standing back 
across the Bay of St. Pierre, they became more numerous, though not 
much larger in size. We ran down toC'arbet. a village H miles south 
of St. Pierre, where there is a suj)])Iy of excellent water and good 
anchorage'. About half past d it was obvious that the activity of the 
mountain was increasing. Tin* cauliflower clouds weri' no longer dis- 
tinct and se])arate, each follow ing the other afti'r an interval, but arose 
in such rapid succession that they were blended in a continuous emis- 
sion. A thick cloud of steam streamed away before the w ind, so laden 
with dust that all the leew ard side of the hill iind the sea for (1 miles 
from the shore was covered with a dense pall of fine falling ash. 
(See 1)1. III.) The sun setting behind this cloud lost all its brightness 
and becann' a pale yellowish-green disk, easily observable with the 
naked eye. Darkness followed the .-.hort twilight of the Tropics, but a 
four days old moon shed sutticient light to enable us to see what was 
happening on the hillside. 

rlust before darkness closed in we noticed a cloud which had in it 
something peculiar hanging over the lipt)f the tissurc. At first glance 
it resembled the globular cauliflower masses of steam. It was. how- 
ever, darker in color, and did not ascend in the air or float awaiv but 
retained its shape, and slow ly got larger and larger. After observing 
it for a short time we concluded that it was traveling straight down 
the hill toward us, expanding soini'w hat as it came, but not rising in 
the air, only rolling over the surface of the ground. It was so totally 
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distinct in its iiehavior from the a-scending- .steam cloud.s that our 
attention was riveted on it, and we were not without apprehension as 
to its character. It .seemed to take .some time to reach the .sea (several 
minutes at least), and as it rolled over the bay we could .see that 
through it there played innumerable lightnings. We weighed anchor 
and hoisted the .sails, and in a few minutes we were slipping southward 
along the coast with a slight easterly wind and a favorable tide. 

We had, however, scarcely got under way when it became clear that 
an eruption was impending. As the darkness deepem'd. a dull red 
reflection was seen in the trade-wind cloud which covered the mountain 
summit. This became brighter and brighter, and soon we .saw I’ed-hot 
stones ])ro]‘ected from the crater, bowling down the mountain slopes, 
and giving off’ glowing ."parks. Suddenly the whole' cloud was brightl v 
illuminated and the sailor.s cried, ‘‘The mountain burstsl" In an 
incredibly shoi-t space, of time a i-ed-hot avalanche swept down to the 
sea. We could not see the summit, owing to the intervening veil of 
cloud, but the fissure and the lower parts of the mountain were clear, 
and the glowing cataract poured over them right down to the shores 
of the bay. It was dull red, with a billowy surface, reminding one of a 
snow avalanche. In it there were larger stones which stood out as 
streaks of bright red, tumbling down and emitting showers of sparks. 
In a few minutes it was over, A loud, angry growl had burst from 
the mountain when this avalanche was launched from the crater. It is 
difficult to say how long an interval elapsed between the time when 
the great glare shone on the summit and the incandescent avalanche 
reached the sea. Po.ssibly it occupied a couple of minuti's; it could 
not hav(' been much more. Undoubtcally the velocitv was territic. 
Had any buildings >tood in it< jmth they would hav(' been utterly 
wi])ed out. and no li\ ing- creature could have sur\'ived that blast. 

Hardly had its red light fad(‘d when a rounded black cloud began 
to shape' it'-elf against the stai-lit sky ('.xactly where' the avalanche 
had been. The' pale me)onlight .'-hining on it sinewed us that it was 
gleebular, with a bulging .surfaee'. covere-el with rounded lereetuberaeit 
mas.ses, whie'h .swelh'd and multiplie'd with a te-rrible energv. It 
rushed forwarel eiver the wate'is. dire'ctly teeward u.-^. boiling, and chano-- 
ing its form eve'ry instant. In its fae-e' the'iv siearkled imuime'rable 
lightnings, sheert. anel many of the-m heerizeental. Especiallv at its base 
there was a ceentinueeus scintillation. The cloud itself was black as 
night, dense and .seelid. anel the' flickering lightnings gave it an inde- 
.scriteably veneemous appearane-e. It move'd with gre'at velewity, and 
iis it approache'd it geet large'r and larger, but it ivtained its rounded 
feirm. It did neet spre'ad out late'rally. ne'ither diet it rise into the' air. 
but swept on e)\-er the sea in surging gleebular ma.sses. ceerrusciiting 
with lightnings. 

When about a mile from us it was jee'rea'ptibly slowing deewn. We 
the'u e'stimated tluit it was o I mile high. It 
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to change its form; fresli protn})erancos ceased to shoot out or 
grew l)ut slowly. They wer(‘ less globular, and the face of the cloud 
more nearly resembled a black curtain draped in folds. At th(> same 
time it became paler and more gTiiy in color, and for a time the surface 
shimmered in the mooidight like a piece of .silk. The particles of ash 
were now settling down, and the white steam, freed from entangled 
dust, was beginning to rise in the air. 

Th(' cloud still traveled forward, but now was mostly steam, and 
rose from the surface of tlto sea. passing over onr heads in a great 
tongue-shaped mass, which in a few minutes was directly above us. 
Then stones, some as large as a cliestnut. began to fall on the boat. 
They were followed by small pidlets, which rattled on tin' deck like a 
shower of p(‘as. In a minute or two tine, gray a.sh. moist and clinging 
together in small globules, poured down upon us. After that for sonu' 
time there was a rain of dry, gra\- a.shes. But the cloud had lost most 
<jf its solid matter, and as it shot forward ov<‘r our heads it left us in a 
stratum of clear, pure air. ^Vhen the tine ash began to fall, there was 
a smell of sidphurous acid, but not veiy marked. There was no rain. 

The volume of steam discharged must have been enormous, for the 
tongue-shaped cloud broadening, as it passed southward, covered the 
whole sky except a thin rim on the extrenn' horizon. Dust fell on 
Fort de Fi'ance and the whole .south end of Martinicpie. The display 
of lightning was niagniticent. It threaded the cloud in every direction 
in irregular bramdiing lines. At the same time tln're was a continuous 
low rumble overhead. 

What happened on INIont Pelee after this discharge can not be 
definitely ascertained. For some hours aftei wai'ds there were brilliant 
lightnings and loud noises which we took for thunder. 'I'hat night 
there was a heavy thunder storm over thi' north end of iMartiniiiuo. 
and much of the lightinng was atmospheric, but probably the ('ruption 
had something to do with it. and tin* noises may ha\ (' Ijet'ii in part of 
volcanic oi'igin. 

There can be no doubt that the eruption we witne.ssed was a counter- 
part of that which destroyed 8t. Pierre. The mechanism of these dis- 
charges is obscure and many interesting problems are involved, but 
we are convince<l that the glowing avalanche consisted of hot sand and 
gases, principally steam; and when we ])as.sed the hill in K. i\I. .S. ]7ov' 
a few days later we had. by the kindness of the captain, an excellent 
opportunity of making a close examination of the shore from the bridge 
of the steamboat. The .southwe.-'t side of the hill, along the course of 
the Kiviere Seche. was covered with a thin coating of freshly fallen 
tine gray ashes, which aj)peared to be thickest in the stream valleys. 
The water of the rivers flowing down this part of tin' hill was sti'aming 
hot. This was undoubtedly th<' material emitted from the crater on 
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the night of the eruption. There was no lava. We saw no explosions 
of coinbustihle gases and nothing like a .sheet of flame. We were 
agreed that the seintillations in the cloud were ordinary lightning.s, 
which shot from one part of it.s mass to another, and partly also struck 
the sea beneath. 

The most peculiar feature of these eruptions is the avalanche of 
incandescent sand and the great black cloud which accompanies it. 
The preliminary stages of the (UTiption, which may occupy a few days 
or only a few hours, consist of outbursts of steam, tine dust, and stones, 
and the discharge of the crater lakes as torrents of water or of mud. 
In them there is nothing unusual, but as soon as the throat of the 
crater is thoroughly cleared and the climax of the eruption is reached, 
a mass of incandescent lava rises and wells over the lip of the crater 
in the form of an avalanche of red-hot dust. It is a lava ])lown to 
pieces by the expansion of the gases it contains. It rushes down the 
slopes of the hill, carrying with it a terrific blast which mows down 
everything in its path. I'he mixture of dust and gas behaves in many 
waj"s like a fluid. The exact chemical composition of these gases 
remains unsettled. They apparently consist principally of steam and 
sulphurous acid. There are many reasons which make it unlikeh' 
that the}’ contain much oxygen, and they do not support respiration. 

After visiting ^Martinique we proceeded to Dominica, where Dr. Flett 
visited the Soufriere at the .south end of the island and the famous 
Boiling Lake and (fraud tsoufriere. There have been few signs of 
increased volcanic activit}- hen' or in St. Lucia during the recent erup- 
tions, Dr. Tempest Anderson spent .some days in ( irenada in an exam- 
ination of the lagoon at St. (feorges, but particulars regarding tliese 
islands may be ivserx'cd till a fuller repoi-f appeal's. 

IiESCRIl’TIOX OF THE IT.ATK.s, 

Pl OK I . — Mont tin’ nyM . — rakeii from tlie sea near Precheur. a village 

north of St. I’ierre. Tliis \ iew sliows how the mountain i^ i-iit up into deep ravines 
by the troijieal rains. Part of the summit is concealed by clomb, and the fissure 
from which tlie erupti(pn was iirocecding was apparently behind and to the riirht 
of the small central jieak in the background. 

Pl.atk If. — M'mi Pt tt f' Ji’o/ti till’ Mititliii’i’.-.t. — This ]>hotoi:i'a[ih wtts taken from tlu^ sea 
off the moutli.s of the Riviere .S'che ami Ri\ iere Rlandie, which are about 2 miles 
north of St. Pierre. It shows tlu^ tugged chartictt'r of the imuintain, the summit 
of whii h is conceale'l by clouds. Tlie slope in the foreground is the track of the 
avalanches which descemled from the tritmgulai l dark-col. ired) tissure to the right 
of the central peak. 

Pi..vrK III. Mnni Pilii’ III I’l iijitiiiii. Faken fr.un ji sl.M.p off ,st. Pi.'rre on the after- 
noon of .Inly if It slants the " caulilhiwer" shape- asstimed by the clomls of .lust 
and steam as tliey drift.d westwanl out to sea. The lighter-colored cloud to the 
east I . ir right, is the tia.ie-win.I clou.l which so c.tnstantlv covered the summit. 
.V sumll light-.'olore.l .-l.iml ].atch just below thi.-. on the right-hand (eastern) si.le, 
indicates the li-ure from whii-h the eriii.tion chielly procceiled. The eruptite 
atalanche of \olcanic material .Icscendtal the slopes in the center and ratherto 
the left of the fori’ground. St. Pierre is to the right, outsi.le the picture. 
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VOLCANIC p:RrPTIONS ON MARTINIQLE AND ST. 
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Hy IsRAKL C. Ru.'^SKI.I,. 

^ >f thp XatiOlKlI f ti'oi/l'flffllir Soriiifl I'! I pfilit toil tn If/.s/ IillVieis. 


Tht' continutitioii of iict’n'ity in tin* ease* of Mont Releo aiul La 
Soufriery of St. \’inccnt make.s it ovidont that it i> yot too early to 
write a tinal rc'poi-t on their recent eruptions. V\'hat may ht' t('rnied 
ii first approximation, howeyer. to tin* sitrnitieanee of tlie ohsi'rya- 
tions concerning tliem already in hand,* may he of intc'rest to the 
laemhers of the National Oeographic Society. 

llie /I't/iiht rofiief/cr crtttc/'x . — The tir.st que.stion to which an answer 
is sought concerning both Mont Pelee and La Soufriere is: Ilace the 
recent eruptions occurred from a .single and essentially a summit 
cratm- in each instance, or have secondary or subcraters been opened 
on the sides of the volcanoes, whieh had a connection with their con- 
duits f In the case of lai Soufriere no diti'erences of oi)inion i?i this 
connection ha\ e arisen among the .several observers who have \ isited 
the mountain, llie eruptions have all occurred in a singh' crater, the 
so-called old crater, in distinction from the one formed in l.slif. I'his 
crater is near the summit of the mountain, but is ])artially encircled 
on the northeast by a remnant of a much older and far huger crater, 
which corresponds with Mont Summaat \'(>su\ ins. and ma\ be termed 
a ■".somma." 

At Mont Pelee there is also a somma. and on its southwest side is 
the crater known as Etang Sec, which is now in eruption. A smaller 
summit cratei-. formerly occupied by Lac des Palmistes, occurs to the 
northeast of the one now actiye. and corresponds in a general way 
with the crater of l.Slfl on St. Vincent. M’hile seyeral ohservers 
have repcu’ted the existence of at least two suberaters — one on 
the east anil th(> other on the .southwest sloj)e of Mont Pelee. 
the foi-iner termed the “ Ealaise crater" and the latter the "Riviere 
Blanche crater" — a careful considei-ation of the evidence presmited 
fails to show that these are true centers of eruption having deep 

» Uci'i'intiMf liy pt'rinissioii, after revision l>y tlie author, fmm the Xational (4eo- 
^raiihii- Maixaziiie, Vol. XIII, Xo. 12, Peeeiiilier, 1902. 

I' X li't of the pajiers referred to is ])resented at the en<l of tliis essav. 
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.souiV(‘>. (trout oxplosions liuvo oocuiTod, boivover, at each of the 
localities referred to, which have thrown laroe quantities of dust and 
mud to a heioht of several hundred feet, and sent out vast volumes of 
steam to a heiyht of many thousands of feet; but these phenomena 
are seemingly the same, although marked by greater energy, as have 
bt'on observed in a large number of instances on both Martinitpie and 
St. \’incent. where the hot dust, lapilli, stones, etc., ejected from the 
summit crater in each instance, have accumulated to a gveat depth and 
beim iiivaded by surface water. While the subcraters mentioned 
should not. in my opiiuon. b(' considered as triu' l olcanoes. they simu- 
late many of the i)henomena attending actual eruptions from deep 
conduits. The columns of steam, heavily charged with dust and mud. 
which arise from them have the convoluted or caulitlcmer structure, 
and at tiiiK's expand at the top and tak(' on mushroom shapes in much 
the same manner as i-lo tht‘ columns of steam similarly chargi'd with 
rock fi'agments that are IdowTi into the air from a primary cratei-. 
In each case the proximate cause is the same, namely, a steam explo- 
sion. The solid material blown into the air in each instanca' is also of 
the sanu' nature for the reason that the hot dust and stones, to which 
the superticial expk)sions are due, were supplied by the eruption of the 
summit crater. Since the observed phenomena ai‘e so similar, it may 
be asked: VThat is the crucial test by which a trm* crater may be distin- 
guished from a pseudocrater t To formulate a definite answer to this 
question is difficult. I’erhaps the best reply that can be oli'ered is that 
the pseudocraters are later in the time of their aj)pearance than the 
main eruptions which supplied tiu' hot material necessary for their 
production, and that tiny occur wlnm the topographic conditions 
previous to the eruptions favored tin' accumulation of a deep dej)osit 
of hot debris. In addition, on both Martinicpie and St. Mncent a com- 
plete gradation in size and energy of the superticial steam explosions 
has been observed, ranging from small gx'yser-like spoutings (PI. I), 
such as have occurred at hundreds of localities in valleys that were 
deeply tilled with hot debris, and even on broad and comparati\ ely 
smooth surfaces covered w ith a thick sheet of similar material, up to 
the markedly energetii' explosions in the vallei’s of the Falaise and 
Riviere Blanche. In many instances the smaller surface explosions 
have been obst'rved to follow Ix'avy rains, and the same is true als(^ of 
the larger explosions referred to. T'he main explosions from the 
summit craters havi' not only been vastly more eiu'i-gx'tic than anv 
that have occurn'd at the sites of the pseudocratei's, l)ut the debris 
blown out was incandesct'iit. while the material thrown into the air bv 
the explosions in tin' hot accumulations in the river vallevs has not 
been observed to b(' even ix'd hot. d'he minor ('ruptions from the 
summit cratei-, howi'ver. may be due to ])i-ecisely tlu- sanu' immediate' 
cause as the eruptions of the pseudocraters — namel\-. the access of 
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surfiice water to highly heated rt)eks, so that an apparently eoniplete 
sequenee may he observed between the eseaj)e of steam from hot 
debris and the discharges from true volcanic conduits. Tt is thus seen 
that the discovery of the crucial test asked for is diihcult. and tlu' tinal 
decision, if one is reached, must rest on a judicial balancing of all the 
evidence and the weight to be given to the judgment of individual 
observers. An instructive fact furnished by the pseudocrate I's (even 
when the larger and, as some persons may think, ([uestionable exam- 
ples are not considered) which has a bearing on the theories of the 
ultimate causes of volcanic t'ruptions is tlu“ close similarity and. in 
fact, identity that (exists b(>tween the explosions due to surface water 
gaining access to beds of hot debris and th(> explosions during ])i'imaiT 
eruptions in the summit portions of true volcanic conduits. In the 
former instances surface water descends into hot-rock di'ln-is; and. 
from the fact that water is present in the siqx'rticial portion of the 
earth's crust, it seems ecpuilly manifest in the latter instains' that 
highly heated rock rises from dt'cp within th(' earth and meets the 
surfaci' waters. In each instance steam explosi(_)ns I’esult. 

The conditions favoi'ing the occurrence of })s(uido-eruptions ;ind the 
character of the topographic changes produced by them aix' clearly 
shown in the sketch and .section forming fig. ‘2. PI. II, which accompa- 
nies an instructive article on the "Secondary Phenomena of the AVest 
Indian A'olcanic Eruptions," by G. C. Curtis," published since the 
present essay appeared. Some of the secondary craters, or “ash- 
geyser cones." on Martinicjue and St. Vincent are ■stated by Curtis 
to be 40 feet high and ICO feet in diaimder, with slopes averaging 
2.') - to oO . 

\ it I'liif mn III till' i i'iipfiimx of till- pi'iiiifii'ij mitt — 1 he variations 
presented 1)V the st(‘am columns that ascend from active' volcanoes — 
of Avhich the so-called pine tn'c of Vesuvius is a W('ll-known exam- 
ple — and which in many instances afford the most spt'ctacular v)f the 
awe-inspiring phenomena a.-'.sociated with them, have been described 
by several oleservers who ha\ e recently visited Martini([ue and St. 
A'incent. but most graiehically by George Kennan. The' variations 
referred to are indicative of what takes place in an activ(' erati'r and 
in the upper part of the conduit leading to it. and furnish evidence in 
(•(‘ft'rence to the changes there in progress. A classitication of the 
various jdiases pr(‘s('nted by the .stt'am column rising from Alont Ih'h'e 
has been presented by the gifted traveler just referred to, which is 
instructive: 

The vapor column ascending from Mont Peh'e." writes Kennan, 
"vai'i('s greatly from day to day and .sometimes from hour to hour, 
not only in d('nsity. but in color, form, and general appearance. In 
its varying aspects it may b(' described as follows: 

" 1. The \ apor of ([uiesci'uce: .V slowly ascending column of pure 

" The .Iiainial ot Cenldey, Vol. XI, Fehruary-^Maich, pp. I!t9-215. 
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white .steam, which ha.s neither .sharp, clearly detined outline.s, nor 
putl'-like convolntions, and which suggests steam' ri.sing from the hot 
water of a geyser basin or from the escape ])ipe of a big ocean steamer." 

The exjdaiiation of the occurrence of such a column from a crater 
of the type of the one at the summit of Mont Pelee, a sketch of which 
by Yarian is herewith given (tig. 1, PI. II), seems to be that the top 
of the lava column is well below the bottom of the crater, and that 
the hot rocks are discharging steam, owing to tlie contact with them 
of water percolating in from the crater walls or falling as rain. The 
generation of steam is a surface phenomena, and due e.ssentially to the 
same cause as the escape of steam from hot debris ejected by a volcano 
and accumulating in valleys, etc. The notable feature is the absence 
of conv olutions and more or less individualized tleece-like masses in 
the ascending column, such as are produced by small steam explosions 
from li(juid lava, as i-i frequently the ca.se at Vesuvius. 

"• 2 . 'Fhe vapor of moderate activity: A column of greater density 
and somewhat darker color, which rolls and unfolds a little as it rises, 
and looks like steam mixed with brownish or yellowish smoke from 
the chimney of a manufactoiy.’" 

This stage may reasonably be .supposed to indicate conditions simi- 
lar to tlin.-e mentioned in the first in.stance, but more intense. A con- 
sidorat)le volume of water gaining acce.ss to the deep funnel-shaped 
crater might not be vaporized before de-scending to the summit of tin' 
column of liviuid or but partially congealed column of rock within the 
conduit, and energetic explosions result. The steam columns indica- 
tive t)f moderate activity thus correspond with the columns produced 
by the maximum e.xplosions of p.seudo-craters. The inner .slope of the 
crater of Mont Pelee is precipitous, and, as several observers have 
reported, portions of its walls overhanging. The fall of blocks of 
rocks from the crater walls would no doubt cause a conspicuous col- 
umn of dust-laden .steam to a.scend. 

'•o. The vapor of dangerous activity: .1 sharply defined dark- 
yellow column of what appears to be li<|uid mud, which boils out of 
the volcano in huge, rounded masses, swtdiing and evolving in immense 
convolutions as it rises — one gigantic mud bubble breaking up out of 
another in turn — until over the crater there stands a solid o])a(jue pil- 
lar of boiling, unfolding, evolving mud vapor 5(MJ feet in diameter 
and eight or ten thousand feet in height." 

The appearance of the volcano during the stage here described is 
illustrated by sketch by Yarian. forming PI. lY. and by tig. 1. PI. III. 
When such a debris-charged steam column rises from a cniter there 
is no (picstion as to the presence of a conduit leading down deep into 
the earth. The pseudo-craters never reach such intensity. 

”4. 'I'lie vapor of great eruptions: .V straight-sided shaft of verv 
black smoke (dust-eharged steam), which shoots uj) out of the crater 




Fig. 2.— Section through an Ash-geyser Cone 
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with a ti'L'iiieiidous velocity, like the .smoke of a eollos.sal jjieee of 
artillery tired heavenward. This shaft goes to a height of tifteeii or 
twenty thousand feet, and then imi.shrooms out laterally, s<j as to 
cover a eirele 50 miles or )iiore in diameter, with a volcanic canopy 
which is as dark as the l)laekest thunder cloud and which shuts out 
the light of day like a total eclipse. The projectile force in eruj)tions 
of this kind is so great that it throws the black vapor far above the 
iidluence of the trade winds, and the advancing edge of the voleaide 
mantle moves swiftly eastward 2 miles or more above the ileeey trade- 
wind clouds that are drifting in the opposite direction.” 

Something of the terrify ing gi'andeur of a great eruption described 
above is suggested by a sketch forming 1*1. In the making of such 
a column the v<jluine of water and of connniimted rock recpured is 
enormous. The volium' of the column is in the m'ighborhood of 
4, 00(1, Ooo, ()()() cubic feet. 

If 1 per cent of tlu' eohunn i> solid matter, it e(pial.-> -to.ooo.ooo cubic 
feet- c'lpials d.ooo.ooo tons. 

If 1(( per e(‘nt of the column is solid matter, it t'(|uals 400 , 000,000 
cubic feet— e((uals 30.(J00,0U0 tons. 

To be sure, we have no accuratt' m(‘asuros. our information btdng 
almost entirely ([ualitati\'e; but as such a column as is referr('d to has 
been observed to reach a height by estimate of K ). 001 > feet in two 
minutes, it may seemingly be safely a.ssumed that it reached its full 
development in h'ss than tive minutes. 'I’lie e(,>arser of the solid mat- 
ter first shot out then begins to fall, and the form of the eohmm is 
maintained by new matter driven ui)ward from thi' crater. Thus 
during each tive minutes of an eruption some 4.ooo.ooo.ouo cubic feet 
of dcdn-is-ladim st('am were t'xpelled from the crater. 'I'he aviu'age 
duration of such ('ruptions is not known, but in certain instams's they 
continued for a coiisideridde fraction of an hour. During each hour 
that iMont I’eh'e or La >Soufriere was in full blast something like 
4S.oup.UU().(»(iu euliie feet of dust and stone laden steam wt're driven 
out. Only guesses t-an be made as to the amount of solid matter the 
steam contained. Shall we assume 1 pc'r cent or 10 })er eentl i\Iost 
observers woidd agree. I fancy, not only that the latter was mnirer 
tln‘ truth than the former estimate, but that the tria' measure is in 
excess of the larger of the two. 

The material extruded in a solid condition, as will la' shown later, is 
fresh lava which came from deep within the (‘urth; but mingled with 
it are rock fragments that were torn from the walls of tlu' conduits 
through which the discharges occurred. The per cent of old la\ a 
among the ejected solids seems to bo greater on St. ^ ine('nt than on 
Martiiuipie. In harmony with this is the larger size of tlu‘ crater of 
La Soufriere in comparison with that of Mont Peh'e. 

4'he columns of steam of Kennan's type No. 4 thus show that great 
volumes of rock an' rising fniiii deep within the eartli and being blown 
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into the air. If, as .seeni.s probable, the energy displayed by steam 
columns of the No. 'I type is all than can be supplied by the steam pro- 
duced from rain and ])ercolating water in the upper part of the con- 
duit. it follows that during explosions of the No. 3 type both I'ockand 
steam are rising fi’om a depth in the volcanic conduits. Presumabh’, 
then, during eruptions of the types No, 3 and No. -I molten rock is being 
forced up within the conduit of a volcano and, owing to relief of pres- 
sure as it rises, the steam dissolved in the molten magma escapes with 
tremendous violenctn There are thus two sources foi- the steam which 
furnish the energy displayed in the summit portions of ascending lava 
columns — one from the rain and percolating water, and the other from 
a deeper but unknown source. Hut this attempt to follow the volcanic 
conduits downward in fancy has brought us to the region of specula- 
tion and it is time to stop, at least for the jjresent. 

To th(‘ four types of \ olcanic-steam columns described above, a fifth 
might be added to include volcanic explosions like tliat of Krakatoa. 

PradiK-tx of tlo' i.rnpt/onx . — The material discharged from ^lont 
Pelee and La Soufrierc may be divided into two portions — tir.st, steam 
and gases, and. second, solid rock debris. Up to the pre.sent time no 
obs(‘rvations indicxite that molten rock has been extruded; that is, no 
lava streams ha\ e tlowed over the surface from the crater of either 
volcanoes or issued from fissures in their sides. 

,\.s to the discharge of vast volumes of steam, there is no ditierence 
of opinion to be formed in the various reports alreiidy I'endi'red. 
Observers who have visited the craters from which the recent erup- 
tions came, and have even ventured within them, report onlv faint 
traces of gases. The conditions, howe\'er. between tin' tilin' when a 
crater is (piiesccnt and when violent explosions occur within it arc 
in.) doubt ditlerent. and as yet but little evidence concerning the gases 
that may have been present during the times of most vioh'iit activitv 
has been obtained. The most that can be acceptt'd in this connection 
is a plainly perceptibh' odor of suljihurous acid noticeable in the air. 
e\ ('ll at a ilistance of some .s niih's at si'a. wln'ii tin' volcainx's wi're in 
a comiiaiatix'ely mild state of activity and whih' walking o\('r the 
di'bris they showi'H'd on their respective islands. A much fainter 
odor of sulphuretted hydrogen is reported to have been present, as, for 
('xampli'. among the ruins of St. I’ierri'. but wln'ther due to gas einit- 
t('d from tin' wilcano or arising from organic matter tiurii'd bi'iieath 
tin' still hot (h'bris is not clear. The pri'senci' of carbon dio.xide, 
although ass(‘i’t('d or surmi.scd to have bei'ii dischargi'd durino- the 
greati'r ('ru[)tion.s. has not been proven. Tin' consideration of all the 
available ('videnci' points strongly to the conclusion that steuni was tin' 
chi('f vaporous or gasi'ous substance ('initted. but mingh'd with it wc're 
minor (piantitii's of sulphurous and no doubt other gasi's. 

in the al)o\(' coiHiectjon it should be noted that Haines abo\(' tin' 
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simiiiiit of f)()tli ^Nloiit Pclcc and La Sonfrit'ro have been reporti'cl by 
•sovc'i'al trustworthy witnes.sos. If tho a 2 )lH'aranc('s referred to were 
in reality Hanie. and not elowinjf dust or tlu' reth'ction of tlu' lieht 
from incandeseemt roeks on vapor, it is evident that intiammable e-ases 
were pi'esent. Xo speetroseopie observations seem to have been made, 
however, and until this is done the evidenee as to tin' pi'esenei' of 
inflammable yasc's in notabh' (jiiantity must !»' r('eeive<l with caution. 

Tin' reports that Xlont Pelee and l^a Soufriere disehareed mud are 
probably correct so far as woidd a|)pear from a distance', yet the true 
nieaniny would se't'in to be that such eruptions we're e>f the' neiture' eef 
the e'xplosion> in the' pse'uelee-e-rate'i- e>r in the' true' e iate'rs during- inte'r- 
vals be'twe'cn the' e'l'uptiems fre>m a eh'e'p soui'e-e'. lleet elust anel lapilli 
ace'umuhitine in a crate'r elurine- epiie'se-e-nt stages weadel furnish meest 
faveerabh' e'eenelitieens feU' the' pi'eeehieinn eef supe'l'iie'ial e'Xpleesienis whe'rc 
rain oe'e-urre'el eer spi’ines e'lite-re-el a erate-r freem its sieh's. as hiis be'e'ii 
obse'r\ eel. anel weeuld preeeluce' e-ruptieens similar to tlneseeef the' pse'Ufle>- 
e'l'ater, anel mud thew.s mieht re'sult. It is e'vieh'iitly met tee be infei-red 
that either eef the' \e)leiine)e's in epu'stieen has erupted muel frenu a 
dee'ply se'ate'd seeure'e'. 

The soliel lUiitte'r elise harge'el freem Mont Pele'e' anel l^a Soufrie'‘re' is 
ahiieest ('iitirely in the' e'e)nditie)n of aneular fraeinonts varying in size 
from tliose weiehing in the^ neighborhe)e>d of l.ooo teens tee the' line'st 
of dust partie les. The' fi'agme'iital material is eef twee elasse's; First, 
frae'iue'nts eif the' reee'ks teem from the walls e>f the e'eenduits threeugh 
whie'h the' upwiird rush eef elehu-is-e-harye'd ste'am eeee'urre'd; and. se'e'emel, 
fraeiin'iits eef harele'neel lava whie-h hael be'e'ii fore'e-el eipwarel intee the 
ceenduits in a plastic eonditieni and shatte-red and bhewn eeut by the 
eseaping steam. In adelitieen to the' angedar fragme'iits eef fre'sh lava, 
mine)!- epiiintities of more or less spherical masse'.-, eef simihir material, 
whie-h were projecte-el intee the air wliile ye't moeh'i'ately phi'tie'. heive 
also been obse'rve'd. While' the te'rm vole-anie' beemb lias bea'ii applie'el 
to much of the ejecte'd material, it is e'vident that emly the' somewhat 
spherical mas-,es referreet tei eh'serve te> be' sei called, anel e'ven in such 
instances there' is doubt as to the preiprie'ty e»f using- the ti'rm. Typ- 
ical veilcanic liennbs ha\ e a rounel eir eival feirm. with exte'iide'el and 
spirally twisted jirojectiems at the* ends of the longer a.xis. the spher- 
ie'al or more e-oiumemly eival feirm ami the- spirally twiste'd extremities 
be'ing- due' to the' reitatiein of the- mass during- its aeb-ial Hight and while 
ye't jilastie'. X'ei proji'ctih's answe-ring- this elese-ription have as vet 
bee'll repeirted as oe'curring on Martiniepie' eir .St. 'Ndni'e'nt. The' near- 
est appreiaeh to a e harae-teristie- beimb are' ce'rtain ruele'ly sjiherie'al 
ma.s.ses eif lava with cracked siirfae-es (tig. -d. PI. Ill) anel withemt pro- 
jeetieins or inilicatiems of a spiral twist. Fvidently the'se peiorl v shapeel 
beimb.-, are compeise'deif fresh lava whie-h was sutKciently hot to make' it 
somewhat jilastic at the time' it was bleiwii inter the' air. but was too 

sM I'.to:! 2'2 
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rigid to acquire the typical shape frequentlv to he seen in large 
nuinl)ers of bombs about certain basaltic craters. 

The alisence of characteristic bombs on Martinique and St. V^iiicent 
is in keeping with the composition of the lava thrown out. The fresh 
lava is an andesite, having in a general way the composition of a 
refractory brick, and unless veiy highly heated would not be plastic. 
The dark color of the columns of .steam rolling up from the craters 
when in violent eruption, and the vast quantities of fragmental 
material showered on the adjacent land and sea is evidence that as 
molten rock was forced up the volcanic i-onduits it became cooled and 
stiffened before reaching the summits of the volcanoes and was shat- 
tered by steam explosions, and the fragments blown into the air. Not 
only are true volcanic bombs absent, but clots and splashes of plastic 
or ffuid rocks, such as are common about many volcanoes that have 
erupted easily fusible material, arc also lacking. 

The fragments ejected wei’e in many instances blown to a height of 
many thou.sands of feet, the tiner lapilli and dust being carried perhaps 
5 or t> miles high, and on falling were distributed in part through the 
inffuenco of the winds, in a general way in reference to size and weight. 
The larger and heavier masses fell near the craters from w'hich the 3 ' 
were projected, while much of the tiner and lighter material was car- 
ried groat distances. Variations in the method of distribution w’ere 
caused bv the direction of the hurricane-like blasts which swept down 
from bothMont Pelee and La Souf riere during their mightier eruptions. 
b\^ the direction of the trad*' winds and upper-air currents, and bv 
tornado-like swii'ls in the greatlv disturbi'd atmosphen'. Immediatel}' 
following each great muption. also, there was a strong indraft of cool 
air from about the region covered with hotdebri.s. The A'astness of the 
area on which the ejected material fell is indicated by the fall of 
dust on Barbados. Trinidad, and on ships '275 miles southeast of St. 
Vincent. 

Observations rc'ported by E. O. Hovev show that, contrarv to earlier 
acct)unts, written in i)art by my.self, coarse material fell in St. Pierre. 
The. riddling of boiler plates one-fourth inch thick (PI. VI). in the 
northern portion of the stri*'ken eitv, lyv stone shot against them from 
iMont Pelee. is evidence that tlu* hurricanes of .steam charged with hot 
dust, Avhieh swept down from that volcano on May S or Ma\' 20, and 
perhaps during later (uaiptions, w'ere a(^companied bv a bombardment 
of stones, no doubt hot. which were as deadlv as solid shot tired from 
a cannon. 

('to/.sc.v of thof/i . — Respecting the. general cause of death in St. 
Pierre, the reports of various observers differ more widelv than in 
connection with anv other occurrence as.sociated wdth the eruption of 
Mont Pelee, unless it be in reference to the secondarv craters referred 
to above, (qbvioush' m.ain- deaths occurred in St. Pierre from the 





Deposit of Volcanic Dust on Formerly Cultivated Slopes, Looking South from Motne d’Orange, May 21 , 1902 . 






VOLCANIC EEUPTIONS ON MARTINIQUE AND ST. VINCENT. 339 


bombardment of missiles that .swept through the city, as just men- 
tioned, from the falling of walls and other objects, from the tire that 
followed the volcanic blast, from nervou.s shock, etc.; but opinions 
differ as to the principal cause of the lo.ss of life. The opinions 
referred to fall in two groups: (c/) Those favoring the idea that gases 
were the deadly agency, and (/>) those which refer the loss of life 
to the effects of steam charged with hot dust. 

(«) Certain observers are strongly inclined to the opinion that Mont 
Pelee. or more accurately, the Riviere Blanyhe suhcrater," discharged 
gases which asphyxiated the inhabitants of St. Pierre. As to the 
nature of the supposed gases, ii^ least two suggestions havt' been made' — 
one that it was mainly sidphureted hydrogen, and tht' other, carbon 
dioxide or some similar gas. Coupled with .the first of these .--ugges- 
tions is the further hypotlu'sis that gas explosions took plats' within 
the citv and ackh'd to the deadly effect of the asphyxiating gases. 'Ihc 
hypothesis that gases were the direct cause of the greater part of the. 
toss of life, as claimed at St. Pierre, has not. .so far as 1 am aware, bec'ii 
extended to St. Vincent, but the dead and the injured on the two 
islands met their fate in precisely .similar ways. 'I'he evidence bearing 
on the (jue.stion under consideration has been judiciously diseussi'd by 
George Kennan, and the testimoin' of the sole survivor of the disaster 
of iVIa}' 8 placed on record. Had noxious ga.ses. and especially such 
heav\' ones as carbon dioxide and sulphureted hydrogc'u. been swept 
over the city in sufficient ([uantities to kill nearly all the inhabitants, 
it is evident that the occupant of a cell below the le\'el of the adjacent 
street would have been in a most dangerous jiosition. I he ti'stimony 
of the prisoner referred to, as summarized by Kennan. afti'r a critical 
cross-examination, is that he heard no explosions oi’ di'tonatioiis; suw 
no dame; smelled no .sulphurous gas; and had no feeling of suffocation. 
He was simply burned by hot air and hot ashes which came into his 
cell through tin' door grating.” 

It is impracticable to review in this e.s.say all the evidence which it 
is claimed sustains the hypothe.sis of a-sj^hyxiation l)v ga-^es. This 
side of the discussion, however, has been well presented by R. T. Hill 
in the National Geographic Magazine, in the Century Magazine, and 
in Colli('r’s M'eekly, and by Angelo Heilprin" in McClure's Magaziiu'. 
(See list at end of this essay.) 

{h) The ethciency of steam charged with hot dust, or of either of 
these agencies aloiu'; to cause scalds, burns, and even instantaneous 
death, is not open to doubt. The que.stion is: 'Was the steam and hot 
dust swept oi ei’the portions of Martini<iue and St. Vincent at the time 
so many thousand people wen' killed the chief agency in their destruc- 
tiont ('umulativi' I'videiu-i' has bt'en ad<led to the various classes of 

"Since this was written lleiii.rin lias].ul)lishe(l lib highly instructive hook, Mont 
Pelee and the Tragedy of IMartiniunt', in which the principal cause of death in .St. 
Pierre, INtorne RoUf;c, etc., is ascribed to dust-laden steam. 
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facts pro.sontofl l)y me in tlio July niimlKT of this magazine," which 
sustains conclusions then reached. I refer to the narrative of George 
Kennan published in the Outlook for August LG, the preliminary report 
made by Temp('-.t A]iderM)n and J. S. Flett to the Koyal Society of Lon- 
don, and the preliminary report made by E. O. llovey to the American 
Museum of Natural History. Although frankly confessing that I am 
not an unliia'.ed judg-e of the printed testimony, yet it seems fair to 
claim that tin', evidenct' jm'sented is conclusive as to the impoiTant 
part taken by steam and hot dust in the sudden destruction of the peo- 
ple of St. A'incent on i\Iay 7 and of the inhabitants of St. Pierre on 
May S. 

ii'it rd /Jn.v/.s-.— -Intimately associated with the th'struc- 

tion of St. Pieri'f' is the direction taken by the blast of dust-charged 
steam, with its vollevs of stones, which swept over the city. Jhe 
hypothesis that St. Pierre was destroyed ])V an eruption from the 
‘•Piviere Planche subcrater" being rejected, and the further sugge.s- 
tion, based on the earlier reports in reference to the opening of ;i tis- 
suia' in the sid(‘ of the mountain, nottinding support in later evidence, 
the way is cleared for a bcTter understanding of the true cause of the 
dirt'ction taken by the down blast that came, as now seem- delinitely 
proven, from the Ktang Sec, wliich is es.sentially a summit crater. 

To understand the nature of the volcanic blast which destroyed St. 
Piern'. one needs to visit the region swept l)y a similar eruption on 
St. \dncent. Tlie volcanoes on these two islands have not only shown 
a direct relationship in the tim<“s of their (“rujitions, but the surface 
plK'iiomena exhibited by one is the counterpart of what took place in 
the case of the other. Happily on St. \'incent. however, th('re was 
no densely populated city within the radius of greatest dt'struction. 

On .St. Adncent the region throughout ivhich the pn'viously luxu- 
riant \'egetation. plantations, etc., were swejit away or l)uried beneath 
hot du>t and stones, encircles the mountain. 4'he direction in which 
trees w(>i’e sw('pt down, and on the periphery of thi' d(>vast(Ml area the 
erosion of the bark of trees still standing, on the side facing the vol- 
cano. as w(dl as imudi other evidetice, show in a most conclusive man- 
ner that a lilast charg'ed with dust and stones swe})t down thi' slopes 
of La .Soufriere in all directions. The influence of hills at a distance 
of soiiK' 4 or miles fi’om the volcano in shielding the vegetation on 
their slopt's facing’ away from it shows that the topography of the 

"It was iinpiacticalilc fi.r me to road tlie proof of the article referred to, and in the 
titles (jf -oirie of the illustrations, esi.ecially, tliere are serious errors. In tlie title ot 
the plate opposite jiaae 27S, “ < ieciriretowu ’’ shi uilil he substituted fi .r “ Kiuesti iwn," 
the title of the j.late ojiposite pajre 2s2 .sliould he “ Valley of Walliliu River deejily 
filled with liot di'hri-:” on jiajre 2SI the title of the illustration slioulil " Summit of 
Moriie il'Oranye, St. I’ierre.” The map on pajre 2S2 fails to sliow the area at the 
north end of St. Vincent, as indicated on tlie orijrinal, wliicli was not ilevastated, and 
is much eenerali/ed ill other ways. — 1. ('. R. 
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land controlled, in a measure, the direction taken by the volcanic 
winds. The presence of a partialh' encirclin>>’ ridgt' or somma. on 
the northeast side of the volcano, .seeinin*fly accounts for the escape 
from destruction of a narrow frino-e about the northea'-t border of the 
island. The outward direction that the blast took from th(> mountain, 
its decreasing- Intensity with increase in the distance it tra\ eh‘d. and 
the ab.'.ence of even hypothetical subcraters, all bear witness that the 
heavily dust and stone charged steam from the old crater near the 
summit swept downward and outward with Imrricam' force, in a 
similar way to the more localized blast from ^lont Pelee which 
destroyed St. Pierre. 

The one conspicuous feature of i\lont IV-lee which ditlers from any- 
thing- on La Soufriere is the pt-esence in the southwest portion of its 
active crater of a deep notch — the Fente or 'rerre Fendue — whii-h. as 
stated by Heilprin, has been a conspicuous feature of the mountain 
since the eruption of 1S51, and may have existi'd previotis to that 
event. This cleft is in plain view fri>m St. Pierre, and iluring my 
visit to the dead city one ctaild look into it and jtlainly see the rtiddy 
cone of eruption with its ascending- steam column that was being built 
within the crater. The area rendered desolate by the liot blast from 
Mont Pelee on i\Iay S. and again swept over by a similar blast on .May 
■JO. is fan-.shapod. the ape.x of the triangle btdng essentially at the 
summit of the motiutain. The coincidenei' betwin n the position and 
direction of the Fente and the ape.x of the (‘xpanding volcanic blasts 
may Avell be considered significant. From the various accounts of the 
eruptions of Mont Pelee available, it now seems evident that the 
blast.s which destroyed so much of the vegetation of Martini([ue and 
wrought havoc in St. Pierre came from the ci-ater with a deeplv 
notched rim. and that the direction taken by the blasts, at least on 
ilay S and ^lav tin. was determined by that rift in the crater's rim. 

As stated by T. A. Jaggar. the downward blasts from \-olcanoi‘s do 
not require a horizontal nozzle to projei-t them. -'They ar(' siniplv 
the r(‘sult (tf the down blast after the heavy gi-avel has begun to fall, 
acting again.st the uitblast from the throat of the voh-ano, and both 
together deflected and thrown into t(‘rritic whirls or tornadoes." This 
explanation, although briedy state<l. may si'emingly la- taken as tin- 
leading cause of the downward sweep of the steam charged with rock 
fragments on both Mont Pelee and La Soufriere. It does not seem 
clear, however, that the down blasts <a-(-ur only after a ti>wering 
column of debris-charged steam has reached a gn-at height and the 
fall of the In-avier material within it has begun. Then, again, it may 
be asked why it is that every strong eruption is not followed l)\- a 
down blast. 

\’ariations in the chara<-ter of vok-anie eruptions of the t\pe mider 
consideration occur on a(-(-ount of vai-lations in the energy of the 
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explosions !uid the degree to whic-h the asceadiiig steam is debris- 
charged. If the energy is great and the upward propelling force 
essentially constant, it may well be inferred that the column, as 
explained by Jaggar. icill attain a great height before the resistance it 
offers to the ascent of fresh material causes an expansion at the base. 
If, however, the steam driven out at any stage in an eruption is exces- 
si\ ely loaded with debris, an expansion and o\'erffow at the rim of a 
crattu- might occur, no matter whether the fall of previously discharged 
material from aloft had begaiii or not. The essential feature in a down 
blast from a crater seems to be that heavily debris-tliarged steam 
behaves in many ways like a ffnid and will ffow down steep gradients 
and ac(piir(> great velocity when the slope and other features of the 
surface o\(>r which it progresses are fa\ oral)le. The gradients on 
the slopes of Mont Pelee and La Soufriere. within the zone of destruc- 
tion in each case, are about 1,000 feet to a mile, and, as seems evident, 
the tinally accepted explanation as to the controlling condition which 
gave direction to the l)lasts which >wept them will include the prin- 
ciple just stated. In this connection it is instructive to note certain 
observation.' made by Me.ssrs. Anderson and Flett, commissioners sent 
by the Koval Society of London to study the recent eruptions. On 
the evening of July h these gentlemen were on a vessel near Carbet 
and witnessed an eruption of iMont Pelee. 

•'.As th(' darkness deepened, a dull red reffcction was .seen in the 
trade-wind iloud which covered the mountain summit. This became 
brighter and brighter and .soon we saw red-hot stones pi'ojected from 
the crater, bowling down the mountain slopes and giving off' glowing 
sparks. Suddcudy the cloud was brightly illuminated, and the sailors 
cried, 'The mountain bursts!’ In an incredibly short space of time a 
red-hot avalanche swept down to the .sea. Wi' could not see the 
summit owing to the intervening veil of cloud: but the tissuro and 
the lower parts of the mountain were clear, and the glowing cataract 
poured over them right down to the shore of the bay. It was dull 
red, with a billowy surface, reminding one of a snow avalaiulie. In 
it there wei'e large stones, which stood out as streaks of bright red, 
tumbling down and emitting showers of sparks. In a few minutes it 
was over. A low, angry growl had burst fi-om the mountain when 
this avalainln' was launched from the crater." 

The time occupied by the avalanche to reach the sea was “possibly 
a couple of minutes. It could not have been much more." * * 

“There is no doubt that the- eruption W(' witne.ss(>d was a count(>r- 
part of that whidi destroyed St. Pierre, * * * The most peculiar 

ft'ature of these ('ruptions is the avalanche of incandescent sand and 
the great black cloud whiili accompanies it. The preliminary stages 
of the eruption, which may occmy a few days or only a few hours, 
consist of outbursts of steam, fine dust and stones, and the discharge of 
the crater lak<‘.s or torrents of water or mud. In them thei-e is noth- 
ing unusual, but as soon as the throat of the crater is I'eached, a mass 
of incandescent lava ri.ses and rolls over tht' lip of the crater in the 
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form of an avalanc-he of red-hot dust. It is a lava blown to pieces by 
the expansion of tin* oases it contains. It rushes down the slopes of 
the hill, carrvini)- with it a terrific blast, which mows down everythinif 
in its path. The mixture of dust and gases behai es in many ways 
like a fluid. The exact chemical composition of these gases remains 
unsettled. Thei' apparently consist principally of steam and sulphurous 
acid." * * 

The account just quoted of a typical down-blast from a volcano, 
seen under favorable conditions by trained observers, is perhaps the 
best evidence on I'ocord from which to judge of tht' nature of certain 
phases of several of the recent (>ruptions. In the instance cited there 
does not seem to lane been a lofty column of dust-charged steam 
standing above the summit of the mountain which deflected the 
upward blast from the vertical conduit of the lolcano. I)ut. owing to 
the density of the mixture of steam and dust dri\ en out. it overflowed 
the lip of the crater and rolled down the mountain side. That is one 
condition, as previously stated, which may bring about a marked vari- 
ation in the nature of an eruption, and in fact furnish the chi(‘f coti- 
ti’ol of the secondary phenomena — the density with which the steam 
extruded is charged with solid matter. This condition may obtain 
control (‘ven when the explosive violence is not enough to dri^■e the 
dust-laden steam to a great height. The degree of comminution would 
no doubt be another factor influencing the result. The liner the solid 
mat('rial was comminuted, the more fluid-lik(‘ would be the mixture. 

In an eruption like that d(‘scribed above the topography may exert 
a decided influence. During eruptions of great, but of not the maxi- 
mum. intensity the deep notch in the southwest i)ortion of the rim of 
the active crater of Mont i’elee would give direction to the escaping 
dust-charged steam and determine the course the expanding avalanche 
would take. In the absence of such a notch, as in the case of La Sou- 
friere. the overflow would be radial. A more intense eruption from 
Mont Pelee might also bo radial, the notch in its rim failing to influ- 
ence so completely the direction taken by the greater discharge. This 
is what seems to have occurred during the later eruptions of the vol- 
cano. when INIoi'iie Rouge and other villages were destroyed: but in 
addition, th(' growth of the cone of cru})tioii aboie the rim of its 
encircling crater destiwed the influence of the vents, and the later 
eruption spread in all directions in the .same manner as on St. Vincent. 

21hiI ffoir.s. — 4’he valleys on the lower slopes of both Mont Pelee 
and La Soufi'iere have, in numerous instances, been tilled to a depth of 
40 to (!0 or more feet with hot dust and stones. 'Fin' streams have 
thus been displaced and are striving to regain their right of way, but 
as vet, owing largely to the washing down of dust, lajiilli, etc., from 
bordering sloj)es. arc' making but slow progress with their work. In 
many instance's, in fact, the' high-grade' rills are bringing to the main 
drainage channels more de'bris than the' master streams can remove, 



344 VOLCANIC ERUPTIONS ON MARTINIQUE AND ST. VINCENT. 


and the process of valh'v tilling continues. ^Yatel• linding- its wav into 
these beds of hot debris, as already mentioned, causes steam explo- 
sions. sometimes of such energy as to resemble a primary eruption 
from one of the main or true craters. These eruptions at times hurl 
large (piantities of debris into the stream channels -which have been 
partially cleared, thus producing dams and causing small lakes to foiin. 
These -ft ater bodies rise until they overflow the accumulation of loose 
mat('rial restraining them, when they are rapidly drained, and floods 
of water heavily charged with debris occur below where the tempo- 
rary dams were formed. The mud flows originating in these and 
other similar ways have been freijuent on both Martinique and St. 
Vincent, and have in several instances been referred to as lava flows. 

Kraxid )!. — Much that is highly instructive centers about the manner 
in which the surface waters are removing the freshly added material 
from the surfaces of IMartiniquc and St. Vincent. Instead of being a 
protection to the surface on which it rests, the fresh debris is in many 
instances of assistance in its more rapid erosion. On steep slopes, and 
even when the surface is nearly level, the rills formed during the 
numerous tropical showers quickly cut through the loose surface mate- 
rial and. aided by the angular particles in suspension, corrade the soil 
or rocks beneath. 'Phe rains, as it seems, are heavier than usual, 
owing to two causes: First, the great amount of water contributed to 
th(' atmosphere as steam, and. second, the vast amount of dust blown 
into the air. each particle of which serves as a center for condensation. 
The ])rocess (jf fashioning the topography throughout the extensive 
areas from which all vegetation has been removed is greatly acceler- 
ated. 'Phis more rapid erosion will, no doubt, continue until the sur- 
fa<'C is again plant-clothed. 

The volcanic eruptions have claimed .so much immediate considera- 
tion from the several geologists and geographers who have visited the 
stricken islands that tin* indirect geographical changes resulting from 
them have not recei\ ed the attention they de.serve. Not only the pul- 
sating streams of steaming water and their occasional great discharges 
of hot mud demand detaih'd study, but the way in which the und(>r- 
mining of banks of loose debris leads to landslides, the de\'elopment of 
consecpient and subsecpient streams, the manner in which streams 
develop and rapidly pa.ss from xanith to old age. (he., de.serve to be 
carefully recorded. The streams are not oidy eroding, but depositing. 
Deltas are being formed and additions made to tin* land. Th(' final 
resting places of the fresh d<3)ris which fell on the i.slands will Im' in 
the adjacent soa. where great (piantities of fragmental volcanic mate- 
rial is b(‘ing' spread out to form stratified tufl's. 

ll(//v,v m fill xnt. lleport.s have a})[)('are(l in the newspapers, from 
time to time since ('arly in May. of .so-called tidal wav(‘s. As is well 
known, the waves referiM'd to have no connection with tin' tides. 
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but are similar to those ocea.sionally accompanyino- earthquakes. So 
far as can l>e judged, however, the unusual waves that have recently 
broken on the shores of ^Martinique and St. Vincent have not been due 
to movements in the earth's crust, such as commonlv produce earth- 
quakes. although some of them may have been of that nature. The 
waves referred to have beem caused, in most instances, ))y the disturl)- 
ances produced in the water of the sea by the l)lasts of dust-ladmi 
steam that have swept down from tht' <-rat(M's of Mont Pelee and La 
Soufriert'. Similar waves have also beem gimerated by tin' entrance 
into the st'a of stupendous mud llows, or. perhaps more jiroperly, 
avalanches of rock delu-is and water, like the one which ih'stroyi'd tlie 
Guerin sugar factory on May .">. Again, landslides ha\ e occurred in 
the loose deposits on the Caril)bean shores of both Martinique and St. 
Vincent, and similar slides, as indicated l)y tlie breaking of teh'graph 
cables, have probably taken place on the steep submt'rgi'd slopes of the 
mountains whoso summits form the islands mentioned. In these sc'veral 
ways waves in the sea appc'ar to have lu'cn g(‘nerat('d. but in all instances 
they have been low and but little damagi' from them has i-esultod. 
The eartlKpiake shocks that accompanied the reii'iit eruptions have 
been comparatively light, and, so far as can be jiulgi'd. not of such a 
nature as to cause large waves in the adjacent sea. The I'artlnpiake 
shocks, however, may atid probably did bring about tin' descent of 
somt' of the landslides on the margin of the sea and on the steep std)- 
merged slopes, and iti this way are indirectly accountabh' for some of 
the sea waves. 

Laiiilxliilfx. — Vhc landslides just referred to occurred principally on 
the west side of St. \’incent, to the north i.)f Chateaubelair, where 
strips of lU'arly flat alluvial land, adjacent to the sea. havi' disapipeared, 
leaving fresh bluti's of loose debris some do or 4o f(‘et high. It lias 
been suggested that this disappearance of land, and in one instance 
of the site of a village, was du»' to movement along a fault — that is, 
the subsidence of the rocks on one side of a deep fracture in the 
earth's crust — but the evidence does not seem to sustain this hypoth- 
esis. The lands that have disapjieared. as .shown bv the escarpments 
remaining, wt-re I'omposed of unconsolidated debris, di'tiosited for the 
most part directly by streams as deltas. This loost' material, resting 
on the steeply inclined rocks bi'ueath. was in a position to be easily 
dislodged by eartlnpiake shocks, by the rush of mud avalanches down 
the valley, at the mouths of which the deposits had been made, and by 
the return waves when the st'a was disturbed by the volcanic blasts or 
by mud avalanches. The changes made by subsidence of the land are 
not o'reat, and. as several obsi'rvers have stated, may reasonably be 
accounted for in the manner just referred to. 
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The breaking of telegraph cables a few miles offshore from St. 
Pierre at the time the city was destroyed and during subsequent erup- 
tions of Mont Pelee seems be.st accounted for on the supposition that 
landslides occurred on the steep submerged slopes, similar to those 
obser\ ed at the margin of the adjacent land. 

Eledrloil dl^pJayx . — The graphic accounts that have been published 
of the recent eruption give a better idea of the magniffcence of the 
electrical phenomena accompanying volcanic explosions than was prc- 
viousl}' attainable. These observations show that an interesting and 
difficult problem here awaits solution. The most striking phase of 
what is assumed to have been an electrical display during a primary 
eruption of INIont Pelee on the evening of May 2t) is thus described l)y 
George Keiman: 

‘•'fhe feature of the eruption that made the deepest impression upon 
me was the stellar lightning. The uprush of black smoke, the glow 
over the crater, and the shower of incandescent stones and cinders 
were all phenomena that had been observed and described before, but 
the short, thin streaks of lightning, followed by star-like explosions 
in the volcanic mantle — not only above the crater, but miles away from 
it — were cmtirely new. T'he distinctive characteristics of this light- 
ning were the shortness of the streak, the comparatively great size and 
brilliancy of the spark, or light bur.st, at the end of the streak, and the 
single booming report that followed. Sometimes three or four great 
sparks, connected by ffery streaks, would flash together in this way, and 
at (ffher times the stars would burst so far back in the cloud that the 
streaks were invisible and there was only a circular irradiation of 
the vapor. If there was any storm lightning of the ordinary kind 
in the earlier stages of the eruption, it was so much less noticeable 
than the stellar lightning that it escaped my observation, and I am (piite 
sure that there was no rolling, reverberating thunder at all until near 
the close of the displav, when reddish lightning bolts began to dart 
down on the volcano fi'oin the developing storm cloud over the crater. 
Before that time all, or nearly all, of the electric discharges had ended 
in stellar light bursts, and all of the thunder had been made up of 
separate and distinct reports, like the thunder of a heavy and rapid 
cannonade." 

Supplementing the above account we are fortunate in having an 
instructive picture of a night eruption of Mont Pehn', drawn by 
George Yarian (PI. V), in which the appearance of the so-called 
stellar lightning is well shown. 

In reading Kennan’s vivid description with the aid of Yarian's 
eiiually faithful sketch one can scairccdy a\-oid making the tentative 
suggestion that the streaks of light and brilliant explosions, appar- 
entl}' resembling the trails and occasional bui’sting caused bv meteoric 
bodies (mtering the earth s atmosphen', may have Ix'en due to int(msely 
heated solid projectiles blown out of the volcano and entering the 
ox y ge n - c ha rge d air. 
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Otlu-r pluiioiiienii . — A liiial report on the recent and .still continuing 
eruptions of Mont Pelee and La Soufriere inu.st include the evidence 
in reference to the sounds generated, the earthquake shocks, the areas 
on which dust fidl and its relation to the direction and force of air 
currents, gravity waves in the air. influence of dust in the air on sun- 
light. and, most intere.sting of all. as well as the most novel, the magnetic 
waves generated, which were recorded almost instantaneoush' at prac- 
tically all the automatically recording magnetic stations of the world. 

Tlw xtiidij of ihi‘ vdfth'x interior . — Perhaps the chief lesson taught 
by the recent volcanic eruptions in the Antilles is the meagerness of 
our knowledge concerning the interior of the earth. In this more 
pointedly perhaps than in relate<l fields is the saying true that "the 
known is l)ut a small fraction of the unknown." In the study of the 
earth’s int(‘rior, the search for the ultimate causes of volcanic erup- 
tions, etc., a visit to an active volcano is most instructive and sug- 
gestive. but such investigations should not end with the cessation of 
the outbi'caks. 

The manife-stations which reach the earth's surface and on which 
our judgment as to the condition of its interior must be chiefly based 
are movtauents in the rocks, earthquakes, escape of heat, magnetic 
changes, ete. While .several of the phenomena referred to become 
especially prominent during volcanic eruptions, they are not contined 
to such occurrences or to the -vicinit}’ of volcanic vents, but may be 
studied at all times and at any locality. Among the records which it 
is desirable to obtain and fi'om which some judgment in reference to 
the condition of the earth's interior may be had ai'e the oeciirrenco of 
earthquakes, their character, direction of motion, location, both geo- 
graphical and vertical, of their centers and all else concerning them, 
and changes in the magnetic condition of the earth. Observations in 
these directions are highly desirable in the vicinity of volcanoes in 
order that they may .serve as danger signals, but may yield valuable 
returns when carri(‘d on at a distance from all centers of volcanic 
disturbance. 

In this connection 1 wish to suggest that the Mational Geographic 
Society can mak<' a substantial addition to our knowledge of the earth 
t)y maintaining a magnetic and sei.sinographic observatory. Let a 
start be made by placing in our Hubbard Memorial Building the best 
instrument.' of the nature just referred to that can be had, and extend 
assistance to iTtdividnals, colleges, etc., at as inaTiv other localities as 
practieabh'. in establishing similar ob.servatories. 
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THE PKOHKESS OF (JP]OGKAPHI('AL KNOWLEDCiE." 


By Col. Sir 'I'. H. Holdk'h, C. B., K. C. I. E.. F. K. (t. S. 


B'ith so lai'or a Hold as that wliich is oinl)rac(‘d In' ”oo<rra]ih3' het'oro 
us, I feel a litth' doubtful which wa\' to turn in ord('r to fj'athor into 
one short space both the' scattonal ri'cords of recent c'eooraj)hieal his- 
tor\' and to present to ^ou at the sanu' time illustnitions of some fixed 
principle which in th(> course of tlie (hn'elopment of our jteographical 
knowledge must govern the progress of it. Last vear vou heard 
from Dr. Mill a most excellent summary of the present phase of that 
development in this countrv. You heard not onl}' of great activity' in 
the wide world of the unexplon'd and unknown, but of lunv efforts to 
train up a fresh generation of explorm’s; of new schools springing up 
among us: fresh evidence of the faith that is in us that geograpliical 
knowledge {joints the road to comnn-rcial success: happv intimations 
of the existence of a vet higher faith — the faith which belie\ es that 
scientific knowledge' of the world's phvsiology is worth the getting for 
its own sake, whether it paves the wav to golden success or not. 
And now. while recalling the chief gt'ogra})hieal e\ ents of the vear 
that has passed, while counting- the landmarks on the road to a higher 
geogra{)hical education. I would also claim vour attention fora brief 
space to a few technical problems which beset the business aspect of 
future procedure, and which, so long as we make it our boast that we 
belong to the biggest empire in the world, ought most certainlv to 
attract our earnest attention. 

The unknown world is growing dailv smaller. It is, indeed, nar- 
rowing its area with a rapidiU' which is absolutely regrettable. If 
vou think of those delightful davs when the men who went "down to 
the sea in ships " brought gold and ivorv to the steps of Solomon's 
temple, believing that bevond their nautical ken all the rest of the world 
was hut flat emptiness; or even centuries later, whi'ii Marco Polo's 
truthful tah's of Asia were disi-redited as wild fables, or. again, in 
almost modern times, when Vasco de Gama bent his knees in pious 
praver ere starting on tin' buccaneering venture which was to change 
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the de-'lniies of the Eii^t. you will find it almost impossible to look at 
the well turned out maps of to-day, wondering where next it may ho 
p(>s>ihh' to -.trike a mov feature or unfold a new vista to geographical 
enterpi'i.-e. without -iomething like a sigh. But it is with the world as 
we tind it mapped to-day that we have now to do, searching out the 
position of such blank spaces as still exist and considering tin* best 
means of dealing with the vast area of its half -(exploited surface so as 
to obtain the best results for the time and labor spent on completing 
our knowledge of it. 

ANTAia'TK ■ rUOSPECTS. 

To tlu' polar regdous wi' naturally turn tirst, for they form the 
special domain of modern initial (exploration. We ar(‘ very far yet 
from having elucidated the great geographical problems of sea and 
land distribution which lie hidden under the depths of pal('()crystal 
ice. We only know, indeed, from inference that at oiu' end of the 
world there exists an unmapped sea and at the other an unmapped 
continent, round tin* edges of which we are ('ven now feeling our way. 
When th(> Discor, the X(‘w Zealand port of Chalmers on Decem- 

ber last for tin* South Polar regions, this was the (piest which, in 
the modest language of her originator. Sir Clements Markham, laj' 
before her: '•'L’o determine as far as possibh' the nature and extent of 
the South Polar lands” and to ” conduct a magnetic survey." If we 
look at the unexplored area of thc.se South Polar lands as a whole and 
examine the plan of inbu'uational geographical campaign which has 
now been directed against them, we shall tind. I think, that the pres- 
ent enterprise is by far the most comj)let(' and syst(miatic, as it is the 
most .scientitic. that has yet been undertaken in tin' far .south. It is 
impossible luit that gia'at ((‘suits should he attaiiu'd from so complete 
an inve.stment of the unknown c(jntinent. 

With the investigations, which will be directed to \'ic- 

toria Land --the land of the historic volcanoes Erebus and Terror — 
from the side of Tasmania and New Zealand, will be as.sociat(’(l at least 
three other expeditions, all aiming at a final solution of the South 
Pole protilem. Eroni South America Otto Nordenskiold's expedi- 
tion has tak('n the shortest sea route past the South Shetlands to 
(Irahams laind and has alivady passed a winter amid the ice. Erom 
South .VuK'cica. again, the Scottish c.xpedition under Bruce will work 
its way pa-t Sandwich Island, skirting the Antarctic Cir(de. some 
50 to th(‘ east of Xordenskiold. almost on the (Ireenwich nu'ridian 
and as nearly opposite as possible to the I>isri/r, rifs att:ick from the 
other side of the pole, while between the two will be the (ierman 
expedition of the (runxs, pu.shing southward about the meridian of 
do E.. a worthy rival in scientific equipment to our own shij). the 
Dtsvoi'unj. And tlu'ce is no branch of scientific impiirv which will be 
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advanced by this international attack on the great unknown southern 
land of inor(‘ interest than that which pertains to the history of the 
world's geography. Independently of securing a tirnn'r outline to the 
vague detinition of southern land areas of the present day. it is there 
that we hope to tind evidences of another ilistrihution of those areas 
in primeval times. Shall we be able to trace the Patagonian forma- 
tions. those recent basaltic lavas which overlie trees, beyond that 
point in Grahams Land where we know that they occur again, to the 
Australian side of the Southern Pole? Shall we tind that Krebus and 
Terror are but th(‘ natural c.xtension of that magniticent array of vol- 
canic coin's which overlook the Pacific from the Patagonian .Vndes^ 
Will the Miolania. the great turtle of Patagonia, not unknown in Aus- 
tralia. complete with his bones another link in that chain of many 
evidences that Patagonia and Australia once met across the e.xtreme 
south' You may say this is not geography. 1 hardly know whether 
in these days it is still necessary to plead that betsveen geography and 
natural sciences, whether of gi'ology. biology, or anthropology, the 
connection is so intimate that in the actual field of res(>!irch it is 
impossible to disconnect them. Modern geography is but a develop- 
ment, and while the process of its evolution is perhaps to be found in 
strictly geological fields, it has so modified and influenced the ])rob 
lems of life and thit distribution of it throughout the wi)rld that a col- 
lector of facts like myself finds it convenient to accept, for the mere 
sake of simplicity, the science of geography as the best basis for 
divergent inc[uirios into many other scientific fields, which can be dif- 
ferentiated at leisure by the natural philosopher. 

NECESSITV FOR STUDY OF OEOGKAl'lIICAL HISTORY'. 

But while wo are justified in e.xpecting much from this great inter- 
national movement, Yve must still moderate our expectations. We 
must admit that in the field of purely naval exploration wo have not 
the same developments in mechanieal and instrumental acces>ories 
Yvhich place Yvithin our reach the possibility of cijiiducting land e.xpe- 
ditions on far more scientific and exact methods than were possible to 
our grandfathers. Wireless telegraphy, for instance, will not yet ena- 
ble a ship fast bound in arctic ice to determine her longitude, and the 
resth'ss ocean still precludes the use of many of the more finely gradu- 
ated instruments which are essential to the exact measurements per- 
taining to triangulation. ^Methods and instruments, indeed. Yvill not 
ditl'er materially from those adopted by Franklin or by Ross more than 
half a century ago. Better instruments of their class no doubt are 
within reach, owing to the e.xtraordinary accuracy of modern produc- 
tion; but better hands to hold them it would be impossible to find. 
We are often so ])leased Yvith ourselves in these days that we arc apt 
to forget what has been done by our geographical forerunners in the 
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same field as ourselves. 1 have but lateh' returned from a journey 
full of geographical interest which ha.s carried me over some of the 
tracks left many years ago by a British scientific expedition to the 
South Seas, ivhicli will be oi'cr a.ssociated in the meinoiy of all geog- 
raphers with the names of Charles Darwin, and H. M. S. Tiaujli . With 
the wider scope for gathering information which is aiforded in these 
days by the growth of civilization and the shooting out of its long ten- 
drils int(j the waste places of Patagonia, it has been possible to verify 
some of the suggestions as to the structure aiid geographical configura- 
tion of that southern continent which were offered by the observations 
of Darwin, and to examine here and there, in some detail, the results of 
recent local surveys in testing the accuracy of the coast outline and of 
the coast soundings estalilished by the Baigle. Of the former I can 
only say that they seem to me prophetic; of the latter, so little change 
has taken place in South American coast configuration during- the last 
fifty years that practically the charts of the B,-iiijh^ are the charts of 
the Chilian and Argentine admiralties of to-day, with hardly a notice- 
able variation. Such magnificent residts as ivere achieved then are 
hard to beat at any time. We do not hope to beat them. We can 
only hope to imitate them. They stand good for all time, and it is 
useful to recall them now and then in order to emphasize a truism which 
is occasionally overlooked by modern geograjihical explorers. It is 
not the most recent work in the field of exploration which is necessa- 
rih' the most \ aluable. One of the great sins of omission in modern 
exploration is that of a failure to appreciate the cll'orts of preceding 
geographers iti the same field of research as ourselves — the want of a 
patient absoiption of all available previous knowledge before we 
attempt to add to the sum of it. We are not all of us gifted with the 
patient determination of that great traveler Sven Iledin. who spent 
three years in reading about central Asia before he wrote a word on 
the subject. It can not be too strongly urged in these days of narrow- 
ing fields foracti\ ity that although geographical research is essentially 
an active function of an active life it demands yet more and more, as 
time goes on. tin- application of the scholar added to the determined 
energy of the explorer. 

FORMATION OF A CENTRAL COMMITTEE OF GEOGRAPHICAL ADVISERS. 

It is in this connection that I would advance a suggestion ivhich I 
have already heard discussed by travelers anxious to apply their ener- 
gies in well-directed efl'orts toward the aeijuisition of riadly useful 
scientific information. It concerns the possibilitv of establishing a 
central geographical committ(>e which should gather together expert 
knowledge in all branches of natural science, and be jirepared to give 
technical advice to travelers and explorers, not only as to the literary 
sources from ivhich the best information may be derived, but also to 
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furnish hints as to the best loealities for research in any special l)raneh 
of science. This would certainly shorten the preliininaiy labor of 
collecting information; and in many cases when expeditions are planned 
at short notice it would bo invaluable in indicating opportunities for 
special research which would otherwise be overlooked. It is so much 
more frequently want of time, rather than want of inclination, which 
prevents the accpiisition of that preliminary and most essential knowl- 
edge which alone can righth' direct the effort to the 02)portunity and 
fit the two together, that 1 have much .sympathy with the pathetic 
apjieal of more than one young explorer who has complained that it is 
necessary to travel all around London in order to find the man (to sai’ 
nothing of the book) who will tell you in concise language exactly what 
to look for in the land which you are visiting. 

COXTRACTION OF TIIK WORLD's “ TF.RRA IXCOCNITA." 

It is, however, when we leave the high .seas Avith their almost inex- 
haustible store of unexi)lored ocean floors and icebound coast line, and 
turn from oceanography to the more familiar aspects of land geog- 
raphy that we find those spaces Avithin Avhich “pioneer" exploration 
can be usefully carried to be so rapidly contracting year by year as to 
force upon our attention the necessity for adapting our methods for a 
progressive system of world-Avide map making, not only to the reipiire- 
ments of abstract science, but to the utilitarian demands of commercial 
and political enterprise. 

ASIA. 

Take Asia, for example. Nearly half of the great continent pertains 
to Siberia, and Avithin the limits of Ru.ssian territory tlu' admirable 
organization of her oavu system of geographical exploration leavt's no 
room for outsiders to assist usefully, even if political objections did 
not exist. In central and southern Arabia there is undoubtedlv still 
much to learn, but of the remaining countries Avhich intervene betAA cen 
the iNIediterranean and India, of Persia. Afghanistan, and Baluchistan, 
it can only be said that the Avork of the geographical pioneer has already 
ended where that of the engineer and surviwor has commenced. In 
the Farthest East again — in Manehuria. China. Tonkin, and Siam — there 
is much more room for the practical exploration of the road and rail- 
way maker than there is for the irresponsible career of the geograph- 
ical traveler. Tlie highway from China to India is almost as Avell 
knoAvn as that from London to India, and the activity of raihvay enter- 
prise in till' south of Asia bids fair to rival the triumphs of Siberia. 
It is only in the central deserts of Mongolia and the Avastes of Tibet 
spreading soutliAvard to the Himalayas that Ave can find untrodden areas 
of any great magnitude, and t'vim in central Asia before venturing on 
a statement of future possibilities in the field of exploration, it Avould 
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be well to wait for the rceords of that nio.st intrepid traveler, Sven 
Ilcdin. who promi8e.s us material of seientitie and historical interest 
as th(‘ result of his last three yeai’s’ ti'avel far in excess of the iiionu- 
mental contriluitions which he has alreadv made public. Histoi'ically 
the interest of the world of iiufuiiy in A.ua where we find the orio’in 
of the great races of the world and the birthplace of all religions must 
always be immimse; but that history can only be elucidated by a clear 
illusti-ation of the great highwa3's of the continent which were open 
to the vast migTatory movements of mankind in prchistoi'ic periods. 
We d<j not in the least understand the condition of climate, nor are we 
(juite certain evim of the relative dLstribution of land and water in 
high ^ksia in the days when its swarming population first began to flow 
south and west, carrving the elements of a language which we have 
been accustomed to regard as primeval into the swamps and plains 
which lay ])ey<UKl the Himalayas or the Caspian. It is only through 
geographical research that some dim outline of those early stories can 
be realized; and although the researches of Stein and the marvelous 
discoveries of Sven Hedin around the ancient lake district of Lob Nor 
will, after all. only throw the world's history back for a few centuries, it 
is by means of these tirst steps backward that we can feel our way to an 
appreciation of the earli(‘r proce.-'Ses of this phase of human evolution. 
Nor in the interests of utilitarian commercial speculation is geographical 
research in Asia yet to be set aside. We indeed know comparative!}’ 
nothing of its resources in mineral wealth. It is quite within the 
bounds of possibility that one of the great central treasure houses of 
nature lie enveloped in the geological axis of the highest mountains of 
the world, and that we may yet be enabled to explain why every river 
which flows from 'fibet waslu's down gold in its bed. But this will only 
be when the Tibetan Lama is prepartHl to shake hands with the Cit- 
lander; and I fear that recent South African history will not encourage 
the embrace. Weauwhile there is no more promising field still open to 
the bona tide explorer than that of Tibet and the farthest ranges 
of the Himalayas. Few pt'ople an' aware how vast an e.xtent of the 
Himalayan area still remains untrodden by any European. This is 
due to no want of enterprise on the part of our Indian surveyors and 
political officials. It is due j)artly to physical inaccessibility and partly 
to that intense (and I'asily uiuh'rstood) objection to the interference of 
the stranger in which many of our transfronticr neighbors permit 
themselves to indulge. Nevertheless would I commend to those who 
still desire to walk in the rough and thorny path of pioneer geograph- 
ical discovery a similar cnterpi’is(' to that of our aforetime secretary, 
Wr. Douglas Fr('shtii'ld, who lately succeeded in passing beyond the 
bounds of official exploration into the eastern Himalayas. We have 
had many travelers in the Himalayas, but they have not always dis- 
tinguished between the fascinating pleasures of romantic adventure 
and the earnest pursuit of geographical business. 
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STUDY OP Cl.AOIEIlS. 

To Mr. Freshlielcl we certainly owe an introduction to a new vista of 
great scientitic interest in the study of the formation and movements 
of glaciers. Here perhaps, we are treading gently on the skirts of 
geological science; hut I have never yet found that part of the world 
where the careful study of local geographical conformation will not 
inevitably invoke an inquiry into geological construction. We must 
accept the inevitable criticism and go on with our glaciers. 'Wht're in 
the world can there be such an area for research into the conditions of 
glacial formations as is presented by the Himalayas' I grant the 
physical and ])olitical difficulties in the way to which I have referred, 
but Stillwell within th(‘ limits of our own red border there' are glaciers 
3’et to bo studied, which, if not the largest, are vet huge t'nough to 
satisfy the loftiest aspirations, and bevond that border the difficulties 
of approach are lessening dav bv dav and are no longer so formidable 
that thev need hinder the steps of anv determined explon'r. 

SOUTH AMEEICAN (JLAtTERS. 

The speculative interest in glacial movements and their influence on 
the geographical conformation become far greater when one moves in 
a countiw which has been reccntlv shapt'd and polished, grooved, and 
fashioned Iw glacial action; when huge blocks of granite or porphyiy, 
standing sentinel over terraces and ancient glacier beds, witness to the 
passing of icebergs in prehistoric seas. Such conditions one may find 
in two widelv separated areas, viz, in the Pamiis and in Patagonia. 
What causes led to the formation of the first vast ice cap of which the 
glacier is the latest evidence; what caused its disiip^^earance. its reap- 
pearance: whvare the glaciers again withdrawing from the mountains, 
and what causes the universal process of modern desiccation, of which 
there is such ample evidence in tin* Pamirs, in Baluchistan, in Pata- 
gonia' It is to the Himalavas that wc turn first for an aiiswi'r to this 
question, but there are other fields almost equallv promising, and one 
of them is to be found in South America. No one now can pretend 
any longer that we know nothing of Patagonia. Probably no country 
in the world has been described bv .so many geograjdiers in so many 
different wa^ s; there, at anv rate, is a land of glaciers and snow fields 
awaiting research which presents few of the physical difficulties of the 
Ilimala^’as. Here is a wonderful countrv trulv, where glacii'rs reach 
down to th(' sea iti low latitudes, ca.sting little icebergs into waters 
fringed bv green banks of fuchsia and nu'rtle, and of bamboo, where 
the laurel grows into magnificent timber, cannpeting with the Patago- 
nian bewh for roothold on the moss-covered soil. The round gray 
heads of the granite hills, sci'atched and seamed by a discanh'd ice cap 
on (Hie side of the narrow straits balance the snow-bound pi'aks of the 
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Cordilleras on the other. No ph^'sieal difficulth's bar the way to the 
investigation of glacial phenomena amidst some of the most striking 
coast scenery in the world. Near the parallel of 51 south are two Pata- 
gonian lakes closeh’ associated — Argentina and Viedina — which oti'er 
opportunities for the study of glaciers such as are prohahh' not to he 
found anywhere else in the same latitude. For here tlie phenomenon 
of disappearance is in the stage of natural illustration. Glaciers are 
disappearing rapidly which hut a fcM' years ago seemed to he a per- 
manent fcaturi' of the surrounding mountains, and the lake surface is 
chi'ckercd with their dihu-is. There, too, may he studied for hundreds 
of miles northward the natural sequences of their disiippearance — the 
formation of fresh-water lakes and their gradual desiccation in turn — 
whilst all around there is the continued stoiy of geographical evolution 
due to the alternate forces of glacial and volcanic action written in 
gigantic characters on the face of nature. 

CENTRAL SOUTH AMERICA. 

Mot very much has heen added of late years to our practical knowl- 
edge of the hidden depths of central South America except from the 
inexhaustihle mine of itiformation possessed hy that eminent geogra- 
pher. Colonel Church. A Brazilian expedition in l.situ. the explorations 
of a commission sent to investigate the interior with a view to the 
establishment of new political capital to Brazil in 189:^-93, the discov- 
eries of Dr. Kamon Paz in 1S94. and a checkered journey in the val- 
ley of the Orinoco by .Stanley Paterson in 189". form the princijial 
D'cords of modern days, 'riiert* is doul)tlc>s mucli which is of the 
greatest commercial and political intcncst still to unravel in connection 
with the gi'ography of the great river basins of the continent. But in 
South America we are threiitened with jierhaps the greatest develop- 
ment of what I may call artificial geography that the world has ever 
seen. Not only will the consummation of the Panama Canal project 
change the whole system of our Western sea communications and prob- 
ably exercise a more (mduring efft'ct on the world's commerce than 
even the Suez connection between East and West, but the possibilities 
of linking up by a central canal system the three great river basins of 
the .South — that of the Orinoco, the Amazon, and the Plata — is under 
serious consideration, and the mere project will in itself lead to a:i 
exhaustive examination of much untraveled countrv. Thus, even 
South America no longer offers a large tick! for th(> geographical 
pioneer of the future. ith its narrowing areas of terra incognita and 
its almost i)h(‘nomenal advance toward a leading position as the pastoral 
and meat-producing (piarter of the habitable globe, with possibilities 
of development in this particular line probable exceeding- those of 
Australia. New Zealand, and South Africa all put together, it is surely 
high time that South America turned In-r attention toward a com- 
bined and sustained international effort to ))lacc her scattered and 
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most insufficient geographical surveys on a sound geodetic l)asis extend- 
ing through the whole continent. 

Ntumi AMERICA. 

In the geographical tields presented by North America, as also Iw 
Australia, magnificent as are the opportunities for acquiring that per- 
sonal acapiaintance with the great depositions of nature Mhich environ 
new conditions of life, and shape the course of human existence to its 
appointed ends: or, in other M’ords. to atajuire a geographical educa- 
tion from original sources of instruction, there is hut little opening for 
the enterprise of the pioneer who aspires to show the ivav into new 
fields. There is no lack of native enterprisi' in coloiues peoph'd by 
the stout-hearted descendants of generations of ('xplorers. Neither 
Canadians nor Australians wait for England to .■~how them how to 
develop the resources of their own country or pilot the road to new 
ventures. On the contrary, we have to turn to Canada now for instruc- 
tion in the higher art of geographical map making and to admit that 
England has been left far behind in the development of tlu' special 
branch of science which deals with the illustration of the main fea- 
tures of geographical configuration in relation to their geological 
construction. 

AFRICA. 

In Africa the advance of our knowledge of the main outlini' of the 
geographical features of the continent has betm so rajiid since the day.s 
when the Nile ivas first traced to its source by Speke that a perfect 
network of explorers' lines of travel now embraces tlie continent in its 
meshcs, and it is only in the intermediate spaces that room for enter- 
prise on the part of tin' poineer is left, even if it may not be said 
altogether to have vanished. .V ref(>rence to the little map published 
bv INIr. Kaveustein in the Koval (ieographii-al Society Journal for last 
December will show you at once that tlie hydrography of Africa has 
been fairly well traccil out in all its main arteries, leaving but few 
unexplored spaces of any great extent, and that such spaces, where 
thev occur within the area which is especially open to Englishmen, 
demand an organized system of exploration more complete in its 
results, mon' carefully balanced in its ndation to the geographical 
illustration of those lands which are beginning to form centers of 
civilization than can be secured by the process of poineer route mak- 
ing. In short, we want a system of geograiihical surveying allied to 
those sA stems whi('h have been perfected after years of careful experi- 
ment by Canada, or Russia, or France, or by Phigland in India. This, 
however, brings us into a field of technical itapiiry of great importance, 
into which, so far as it deals with geography — i. e.. with the measure- 
ment of the earth's surface and the illustration of its configuration by 
means of maps. 1 propos(' to ent('r briefly in this address. 
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HODKKX KKQL'IREMKNT.S IX OEOCRAI'HK'AT. JIAP IIAKIXC;. 

You will ugree with rue that geography' in the abstract, without 
illustration — th(‘ g-eooraphy which used to he taught by geogi’aph}’ 
books without maps — is but a poor and inefficient branch of academic 
knowledge, hardly worthy even of an infant school. It does not mat- 
ter what branch of this comprehen.sive science you approach, whether 
it is historical, or j)hy.sical, or jiolitical. modern or ancient, the only 
substantial pi'esentmcnt of the .subject to man's understanding Ls that 
v.hich has recourse to map illu.stration. Words (especially words 
bearing such indefinite applications as our modern geographical termi- 
nology) can never convey to the imagination the same substantial 
illustration as maps convei' to the eye. You may think that all this is 
mcD' truism; so it may bo; but 1 assure you that what I may call 
descriptive geography — that is to .say. geography without the aid of 
maps, has more than once nearly precipitated national disaster in quite 
modern times — disaster quite as perilous as any which in military fields 
has been caused by blank, wholesale ignorance of the features of a 
country in which strategic moviunents are undertaken. There conies 
a time in the history of ev ery developing country when the increase of 
its people, and the con.se<iuent distribution of land, demands survey’s 
for the purposes of fiscal administration. Conse(iuently such .surveys 
are common (“verywhere; and from tho.se have Ixam built up, piece by 
piece, like a child's puzzle, thi' geographical maps of many half- 
occupied lands, illustrating oidy such portions as are adaptable to 
economic development, and leaving l)lank all that promised to be 
unproductive and unprofitable. 

ITEI.I) OF (iF.ODF.SV. 

It was only when it was discovered that the sum total of such a pro- 
duction was apt to cause great <-onfusion in land assessnumt. inasmuch 
as it often did not ('qual tiic actual area of the land distributed, that 
there arose a school of mathematicians who concerned themselves with 
determining the dimensions and figiiri' of the earth, and founded that 
apparently complicated system of primary map making which now 
takes count of such matters as the curvature of the earth's surface. th(> 
convergenev of meridians, and other spheroidal problems which afi'ect 
the construction of the map. Thus aro.se ’■■geodesv," and geodesy has 
numbered among its apostles many of tin* greatest mathematicians of 
the age. (leode.sy, the .science which deals with exact measurcinent.s. 
was n(>ver an ('inbodiment of al>stract mathematical investigation. 
It had always a utilitarian side* to it, and it is unfortunatt' that this 
view of the science has beam occasionally lost sight of in late years. 
For we have not done with geodcgic inve.stigation yet. IMagtiiticcmt as 
are the results obtained l)y the mathematicians of the past, tlnu'e are 
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still further retinements to )>e introduced into those factors which Ave 
daily use for the reduction of our terrestial observations ere avc obtain 
pei’fect mathematical exactness (if we ever attain it) in our results; 
and we still must look to the processes of geodesy to give us that laick- 
bone, that main axis of indisputable values from which our netAvork of 
triangulations may spread during the first steps in geographical map 
making. To a certain extent geodesy is the support of technical 
geography, and a short inquiry into its present conditions of existence 
may not be out of place. 

It is to North America that we must noAv turn for instruction in the 
latest development of the science, and to South Africa that Ave must 
look for its future application. Russia has not lost sight of the 
necessity imposed on her for an extension of her magniticent Europeoii 
geodetic SA’stem through the vast breadth of her Asiatic possessions, 
but Ave ourselves in India are concerned nowadays rather Avith scientific 
obseiwations on collateral lines, and Avith the collating and perfecting 
of the results attained by the great achievements of past years, than 
with any developments in fresh fields of geodetic triangulation. 
Germany and France, ever alert Avhere colonial interests ai’o concerned, 
are busy in Africa, but I am not prepared to say how far their geo- 
graphical efforts are based on the strict principles of geodesy. 

In North America, along the meridian of !>S- through Texas, 
Kansas, and Nebraska, geodetic triangulation still forms one of the 
most prominent schemes of modern work undertaken by the Coast and 
Geodetic Survey, and in South Africa there is growing northward 
into the Tiunsvaal sIoavIv, but Ave hope sureh', the frameAVork of a 
gigantic arc which one day Avill be extended by Sir David Gill from 
the Cape to Cairo. 

I am anxious to impress on you that the science of geodesy is not a 
science of the past. It is still active, and Avith all its retinements of 
minute accuracy and exact precision in obseiwation and in calculation 
it should be the initial mainstay, and it must be the tinal court of 
appeal, as it were, for all those less rigorously conducted surveys of 
the recounais.sance and exploration class aa Inch Ave term geographical. 

But this accurate framework, this rigorously exact line of precise 
values Avhich ultimately becomes the backbone of an otherAvise inverte- 
brate survey anatomy, is painfully sIoav in its progress, and it is 
usually haunted by the bogey of tinance. It does not appeal to the 
imagination like an Antarctic exjiedition, although it may lead to far 
more solid results, and it generally has to sue in forma pauperis to 
government for its support. 
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( ;E0( i KAPHIC AL Si: Ul’ E YS. 

And thus it happens that lonif i)efore the tedious and expensive 
processes vhich are involved in the term o-eodetic trianoulation can 
possibly l)e carried to an etit'ctive end the cry goes up for a geograph- 
ical survey. It is wanted hy the administrator to whom it is all 
important that he should know the roads and river communications, 
and the prodiu-tive areas of the land he has to administer, and be able 
to locate the various tribal sections or peoples with whom he has to 
d(‘al. In th(“ political de})artment a geographical map mav be said to 
be absolutely necessary for tin* })olitical i>urpose of defining limits and 
boundaries. It has been. 1 am aware, occasionally, dispensed with, 
but never with satisfactory results. To the officer on whom rests the 
respon-.ib>ility of preserving peace and good order it i; most desir- 
able that the military features should be fairly represented in such 
a manner that at least a gnun'ral plan of action can be arranged at 
short notice. For the economic development of the country it can not 
be too strongly urged that a genei'al geographical outline of its surface 
is indispensable to the selection of lines for special technical examina- 
tion. whether for roads, railways, canals, or telegraphs. How often 
lately in the history of our colonial or frontier progress have vast 
sums been expended on special lines of railway in ignorance of the 
fact that hotter aligtiments of intinitidy less physical difficulty would 
have been at onc<' revealed by a gcmeral geographical map (‘ven on the 
smallest scale 1 In short, the cheapest, the quickest, the surest, indeed 
the only satisfactory method of regulating the progression of public 
works, the development of commerce, the proper recognition of the 
frontier boundaries, the administration of jnstic(‘. and the militarv 
control of a large and growing colony, or of a long stretch of militarv 
frontier, is to be armed with a perfect summary of what that countrv 
contains in the shape of a geographical map; and yet it is onlv (piite 
lately that this fact has been recognized by English administrators and 
English generals in their dealings with new colonies and new fronticu's. 
Russia learned the lesson a g(“neration ago at least. Wlnm she reached 
out a hand for (bnstantinoph> her aimv was accompanied across the 
Balkans by whole comi)anies of surveyors, who worked on no sketchy 
syst(>m of indicating lines of route here and there, dlnw puslnnl at 
least seven series of triangulation acro.ss the mountains, and on that as 
a basis the\ mappi'd tin' whole country in detail on a g'ood militarv 
scale (about an inch ])er mile) right up to the very gates of the Turk- 
ish capital. For years her brigade of toi)ographers has been busy 
along her Afghan and Siberian frontiers. In Persia. Baluchistan, the 
Pamirs, and China, wherever in fact there may be in the future some 
prospective view of a clo.ser political, commercial, or militarv interest 
than exists at i)resent. there they are to be found. France has always 
been strong m the geographical tield. and the late achievements of 
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FreiKhiiioii in tho world of exploration and of exploratory inap- 
makinj^- are only eciualed by the seientihe knowledy(> and literary abil- 
ity displayed in their technical literature on the subject. Coloiud 
Lanssedat's contribution to the History of Topoo-raptiy is to be reck- 
oned with as a standard work. Tn Canada and North America w(‘ have 
perhaps a practical expo.sition of the art of o-eoo-raphical sni’veyino- 
which i' as inuHpialed in c<nnph'teness and coinpia'hensivtMiess as the 
couiiti'v with which it has to d<'al is une(|U!ded as a snl)ject for its 
application. There the close association betW(HMi >j;'eoloiiical structure 
and c-eoii'raphical t'onforination is .so fully recognized that the same 
technical process of survewino- is applied for lln' purpose of the double 
illustration. The Canadian c'eolooical survey is their oeoo ruphical 
survey, and I think that it is to Canada (if not to India) that we ow(' 
tlu' first recoonition of the fact that jfeoyraphical surveying- is a sepa- 
rate, ilistinct. and most important branch of tlu' o-enmal art. which 
should form the basis — the mother survey as it were — from which all 
other surveys should sprin<;'. In India I am ha])p.\ to think that this 
advance in the science of geoera[)hy is now well understood. It has 
been mort' or less forced on us by the necessity for such rapid and 
comprehensive surveys as are rcapiired for frontier military operations, 
for the purposes of boundary dimiarcation. and for the important duty 
of keepiiiL;- our own transfrontier information up to tho level of that 
of our neiehbors. In our African colonies it has. alas, been discov- 
ered a little too late that oeog'raphieal surveys are a sound preliminary 
to military operations: but the discovery once made it is not likely to 
be overlooked. Here', indeed, was presenttal a most forcible illustra- 
tion of tho danger of buildinv u{) a <reo<>raphical puzzle map: of piling 
one oil to another the results of local fiscal surveys in the hope that 
when they were all put together they might make a good topogrmili- 
ical gnid(' to the country. Needless to .say the result was disastrous 
from tlie scientific point of view, and it might almost be said of it that 
it was disastrous from the military point of view as well. Imagine 
for an instant that the Canadian .system of a geological survey (involv- 
ing of course accurate topograjihy ) had been applied ab initio to South 
Africa, who can jiossibly say what the result might not have been by 
tliis timet The expansion of the llandt mines, for example, depends 
at present on local experiment carried out no doubt by most able engi- 
neers with all till' knowledge of scientitic mining that is to be acijuired 
in these days of advanced specialism. But all the same 1 may be per- 
mitted to suggest that their ('xperimental ventures, their tentative 
borings, are subject to a good deal that is almost guesswork for their 
application, and that a comprehensive, carefully conducted geological 
survey of the whole country would probably have atl'oi-ded valuable 
indications in many unexpected directions. So also as regards schemes 
for local irrigation. Take the northwestern part of Cape Colony, for 
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instance, the district known as the Karoo, whore the ))est niilitarv map 
existino- at the time of the war did not even pretend to show the main 
roads thronuh the comitrv. The stage of development at which that 
part of the colony has arrived in the all-important matter of local irri- 
gation is only worthy of the Dark Ages. It would be laughed at in 
Tersia or Afghanistan. The Arabs of medi;eval times were experts in 
the art of the conservancy and distribution of water in dry lands com- 
pared to the modern South African (or South American) farmer. 
Now. 1 do not say that schemes foi merely local irrigation require geo- 
graphical maps to support them. Such schemes only require a little 
enterprise, a little common sense, and a little capital, but I do sa}' that 
the geographical map woidd long ago have revealed the opportunity 
for comprehensive si'hcmes, such as exist in India, just as it would 
have pointed out the best alignment for roads and railways, the best 
means for dealing M'ith an enemv who can move 50 miles in a night, 
and who can make, not merely a few square miles, but a whole district 
the theater of his operations. What was wanted (and is still wanted) 
in South Africa is what is wanted in every part of the continent sub- 
ject to British suzerainty. I know that I am but echoing the urgent 
demand which has been made by every commissioner and governor 
within the limits of that vast area — not for elaborate or special maps 
for fiscal and revenue purposes, all of which will come in due time — 
but for scientific geography which .shall now take the place of the.pre- 
liminary work of pioneer explorers, and deal with the country as a 
whole instead of tracing it in outlines and in disjointed parts. In .short, 
they require all gaps tilled up. They want to know what the countiy 
contains in tile way of forests, of open land suitable for agriculture, 
of d(‘sert and swamp, of opportunities for roads and railways, for tele- 
graph.s and inlgation, liefore deciding on the right portion for the 
center of an arterial si steiu of puldic woi ks w hich .shall pervade in 
natural and iirderly .scipicncc, and in due time, every part of the body 
of the country of their administration. Now. this is scientific geog- 
raphy. It is not ordnance map making nor anything very much like 
it. It is a comparatively new demand on the .scientific resources of 
Kngland, and those resources are by no means equal to the demand. 
Before considering resources, however, we must look to the scientitic 
means to this geographical end. I have already referred briefly to the 
subject of geodesy, and 1 have told you that what is termed geodetic 
triangulation is a function of high scientific order, demanding’ notonlv 
minute and painstakim’- care on the jiart of an abh' stall' of observers, 
but very considerable lime and very' considerable exp('ns(^ to carrv it 
to a satisfactory issue. I have also pointed out that inasmuch as the 
exact distribution into jiarts of any large space of the world's area 
must ultimately di'pend on the exact nuaisurements which are a func- 
tion of onlv the highest cla.ss of geodetic triangulation, we must look 
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finally to ypodeisy to .support the franiewoi'k of our geography and to 
give it its rightful place in the great total of the world’s mapping. 
But the demand for geographical mapping i.s not satisfi(‘d with the 
promise of an elaborate basis for the work which has first to l)e con- 
structed with th(' expenditure of much time and money before any- 
thing in the nature of a final map can be produced for purposes of 
administratit)!!. The political world, too, can not always sit paticmtly 
through all the international di.sagreements. the losses, the unrt'st, and 
the positive national danger to which an un.settled boundary gives 
rise, while the geodesist works slowly through the country year after 
jwar. piling up sheaves of ecpuitions and folios of ol)servations. but 
nevi'r a s(piare mile of practical topography. As for the militiiry 
department I hardly know what to say. There is the example before 
us of Bermans, liussians. Fixmch, and .\mericans. all conducting their 
campaigns with maps in their hands, taking every spcwial means at 
their command in order to acajuire such maps before they commence 
operations; while the Boers have fought us to the bitter cud with a 
practical knowledge of the country which is even bett(U' than maps, 
and which is exactly that class of knowledge which maps are supposed 
to replaci' or supplement. None of them wait for geodesy. 

Certainly the attitude of the military department is not one of neu- 
trality. They would like the maps, they are even anxious to get 
them, l)ut they are not quite certain that they are worth paying for. 
However that may be, 1 can only express my own conviction that 
geographical mapping will be found to be an urgent necessity in every 
corin'!' of thi' unmapped world subject to British influence. We 
would like to wait for tho.se accurate determinations of geodesy which 
would at once furnish us with the best of all possible means for com- 
mencing a comprehensive geographical survey. But we can not afl'ord 
to wait, and the great geographical problem of the age is how to 
reverse the natural sequence of scientific procedure and t<i obtain 
maps of the unmapped world which no subseiiuent geodetic opera- 
tions shall condemn as inaccurate. It is not a ([uestion of expediency; 
it has been one of necessity for many years jiast: and inasmuch as 
necessity is the mother of invention. I think that it will finally be 
conccdc'd that means have been found for insuring sutticient aci'uracy 
in geographical work to render it capable of enduring tlu' subsequent 
tests of completed geodetic measurement without disloc:ition and 
without interference with the general utility of the maps, even if 
that accuracy be not scientifically perfect. 

It is not my intention to bore you with technical details. I onh' 
wish to impress upon you that in the field of scientific geography, as 
in other fields, ■'the old order changeth." We inu&t work on new 
principles in order to meet new demands. 
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USE OP THE TELEGRAPH IN GEOCiKAPHY. 

One of the chief inetins to this end is the tcleoTa})h. Few people 
appreciate the important role which is played by the telegrajih in 
these days in the held of geography. It was not so \-eiT long ago 
that the first step toward regenerating a natural wilderness, or for 
securing access to new eomniercial openings or centers of uncivilized 
population was held to he the construction of road^ and railways. 
Means of physical access was tlu' first step toward the development 
of a country which was regarded as lunmlightened frcnn the stand- 
point of European civilization. It is so no longer, for the telegraph 
often threads its way through many a dreary waste iH' unpeopled 
earth, uncoiling its length for hundreds of miles in advance of any 
railway, or indeed of any road, which can in the ordinary sense of 
the term h(' deserit)ed as a constructed road. T will give you an illus- 
tration. On the Patagonian pampas not so very long ago. in the 
midst of a wide wilderne.ss of snow, after losing our way in a blinding 
snowstorm and camping on our tracks for the night, we struck the 
end of the telegraph line which is now being pushed across Patagonia, 
and which will eventually connect the Atlantic with the Pacific. We 
had seen no roads whatever for a great part of the distance we had 
traversed. Our daily procedure was th(' simple i>rocess of following 
a guide over the illimitable stretches of bush-covered uplands which 
reach down from the eastern foot of the Andos in gentle grades to the 
Atlantic shore: and when we did at last fall in with the great central 
line of transcontinental communication we found it to consist of the 
wheel marks of certain previous wagons which had drifted along that 
way — a sort of road which it was exc<>edingly ea.sy to lose in the fading 
light of a stormy winter's day. On this road there was nothing but a 
telegraph end and the tents of a few teh'graph officials, and we were 
some l.iO miles from our destination on the Atlantic coast. And so it 
ha])])ened that after weeks of altsence from any means of communica- 
tion with the outside world we were thus suddenly put in ] ossession 
of its very latest news, and the very first message that jia ' -ed from 
the end of that line into my hands was the message of peace with 
South Africa, signed an hour or two pn'viously. I accei)ted that 
message as a happy omen for the result of our Patagonian mi.ssio.;. 
And thenceforward (thanks to the courtesy of the telegraj)!! chief at 
Buenos Ayres) nightly as we .sat in the snow we read all that was 
important from the London evening papers of that selfsame dav. 
AYe were not starving l»y any means, l)nt had we wanted a loaf of 
bread in that unbroken stretch of snow covered hush land we certainly 
could not hav(‘ got it. while here was informati(m flowing in with a 
daily ease and la'gularity that I greatly missed when once again I was 
within reach of clubs and civilization. 'I'he importanct' of telegraphs 
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in the tielcl of geograplG', however, is not contined to the transfer 
of news to casual travelers. It is the facility which it places in the 
hands of the geographer for determining his position in longitude that 
renders it so important a factor in the prosecution of a geographical 
survey. Everyone knows that the tirst duty of a geographer is to 
discover his latitude and his longitude. Hitherto the determination 
of the tirst has been a matter of no great uncertaint}', hut as la'gards 
the latter one can only say that the confidence expressed by most 
explorers in the results of tlnur observations has never been justified 
by the final verdict of a sub.sequent determination. It is. in truth, 
most difficult even for the most practiced observer to obtain an abso- 
lute value in longitude on which he can rely within such limits of 
accuracy as are essential to the constiaiction of a map where these 
values have to be employed diflerentially. The telegraph places in 
our hands the means of diticnuitial determinations within a degri'e of 
exactness that surpasses ('ven that of the most cari'ful deti'rmination 
of latitude: and the t('legraph is t'vervwhci'e. .Supplemt'idary to the 
facilities of time signaling by telegraph is the wonderful accuracy of 
graduation introduced into the smaller classes of new instruments 
which in these days replace the cumbersome eiiuipment of the past. 
"With a small <i-inch theodolite fitted with a complete vertical circle, 
time values can he dctermiiu'd within a fraction of a second and lati- 
tude values to within two seconds of arc. always piovided that that 
great bugbear of the astronomical geographer, level deflection, does 
not interfere with his results. But the same minute accuracy in 
graduation which has so improved the ordinary little instruments 
which you find in the hands of the profe.ssional gi'ographer has. when 
combined with new methods for accurate linear measurement, also 
placed it in his power to cariw out a fairly coherent and systtmiatic 
triaugulation with great rapidity and accuracy over large areas of 
country whenever the configur.,tion and characteristics of that coun- 
try are favorable. Usually they are favorable, Large expanses of 
flat desert, of undidating veldt, or of unbroken forest are the excep- 
tion, not the rule, and they must of course be dealt with as their 
special peculiarities demand; and for the normai conditions of land 
configuration, given that the exjfiorer is specially careful about his 
ba.se measurements and his initial data, he can certainly, with modern 
instruments and the facilities for check given him by the telegraph, 
carry on a rapid and comprehensive geographical survey which will 
fidfill all the conditions required by the administrator, economist, 
political geograplnu-. or military commander within such limits of 
accuracy as will insure' its standing all the subseepient tests that 
geodesy may apply without any apparent map dislocation. And 
practically that is all that is wanted for a first map. I have used the 
word “rapidly." Few people, evt'ii scientific geographers, have really 
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grasped the full meaning of the term as applied to snrveis on geo- 
grapliieal scales (i. e., l:2otMM»0, or about 4 inches per mile, or less) 
under normal conditions. Such surveys can be completed quite as 
fast as an armv can advance in the field, even granting that the 
advance is continuous. They can even to a certain extent precede 
that advance in face of an enemy. A single triangulator with a staff 
of two or three topogra})hers in a fairly favorable country will be 
responsible for an out turn which may be counted by hundreds of 
S(|uare miles per dav. The records of both American and Canadian 
surveys will prove that the marvelous progress made in the frontier 
reconnoissance sur\ eys of India is nothing abnormal or unexpected. 

NE('KSSITY FOR TRAIXIX(i SCHOOLS. 

■So far 1 have spoken about the system only, a system which has 
been neaidy perfected by experiments in Canada, Kussia, India, and 
elsewhere. Now we have to turn fi-om the work to the workmen. It 
is only lately, quite lateh', that England has discovered that such work- 
men are wanted at all. Five or six years ago there was not a topog- 
rapher nor a topographical school in England. But the demand 
during late years has been insistent and constant, with the result, I 
am glad to say. that efforts have been made in various directions to 
start topographical schools, and a distinct change is apparent in our 
methods of instruction at military headquarters. Mo purely technical 
central civil schools, such as exist on the t'ontinent, are to be found 
in England, and the natural result is that at present England possesses 
no tinished topogra[)hers and not many men who know what is meant 
by a geographical sur\ ey. In the wilds of Patagonia (which is, I must 
premise, a country beset with special climatic difficulties but not 
otherwi'c one unsuitaiffe to the topographer's art) I met many men of 
great intelligence and exceptional skill who had been gathered from 
various ((uarters for the purpose of topography. There were Italians, 
Argentines, (iermans. French, and Swiss, but not an Englishman 
among them. Kussians of the type of my old and unforgotten friend 
BendeiNki have long been famous for their skill; but. although 
English ailministrators and soldiers are alike crying out for more and 
Ix'tter assi>tance in the active field of topography, thev can not get it 
from England. The establishment of a school of practical geography, 
such as must eventually guarantee the existence of a military topo- 
graphical corps, would be a matter of congratulation deserving to be 
noted as an important step in the advaiu-e of the geographical educa- 
tion of the country, no le.ss than the .school at Oxford which deals more 
directly with civil interests and is rightly most concerned with the 
academic aspimts of geographical instruction. Even this, however, is 
hardly sufficient. I am convinced that the recommendation which arose 
from certain resolutions found in the geographical .section of the 
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IJritisli :i,s,soci:iti()ii nieotiii>^' :it Bniclford two yc'ar.s ayo in fa\ or of the 
employiuent of nathes in Africa for African work, just as liuliaii 
natives art' cniploved in India, is thoroutjfhly .sound. AVe want schools 
in .Vfrica as well as in England. Oidy in this way will the vast areas 
still unmapped in our African protectorates he ilcalt with at reasonable 
cost and in a reasonable spaet' of time. 

piioToTorocuAi'iir. 

Certain tlevelojjinents in the itractical Held of g-eoginph v have latelv 
been brought to tlu' test of continued t'.xperimental applicatioTi. and 
the progress of these ('xperimt'iits dt'serves a ])assing rt'coi d. Xotablv 
the application of })hotography to purposes of geographical illustration 
has n'cei\ ed imnu'iisi' impetus from tlx* apparent facility with which 
the e.vperiiiK'ntal nu'dia can be handled. In favor of the haphazard 
landscapi? illustrations, with which we are usually deluged by travelers, 
there is little to be said. 'I’hey ai'e far more fre(piently illustrations 
of the personal progress of tlu' author than of tht' geni'ral character of 
the country Ix' progressed through. Neitlx'r is tlx'i e much mori' to 
commend in photographs di'signed to reproduce gi'ological or tectonic 
features, glacial conHguration. special orographical conditions, or the 
liki'. unless the position of them and tlx' direction of the line of sight 
from the point of \ iew are ^'erv ch'arly indicated on a corresponding 
maj). At the best they are apt to be deceptive for tlx' I’eason that they 
can but detd with oix' side of a subj('ct and with only a partial view of 
the particular feature they represent. Evt'rvone kiK)ws that ait appar- 
ent range, or even a system of ranges, of mountains may bo nothing 
but the n'VOtment of a high plateau or talile land, but the jihotograph 
of such a mountain system w ill give no indication of the plateau beyond 
■which can indeed only be determined by a survey and properly illus- 
trated by a map. I need hardly say that a topogra]>hical rlelineation 
of gi'ound derived from oliservatioiis madi' liy the aid of photography 
demands as much technical skill on the part of the topographer and as 
much systematic application of tlx' nse of instruments as any other 
survev. It must lie a combination of careful triangulation and skillful 
lilane tabling precisely as is the product of a topogi’aphical survey. 
It demands, if anything, more special training and a more (‘laborate 
method of procedure than does ordinary survey. So far as the ri'sults 
of (‘xpt'riments made over suitable Helds in t'anada can teach us. the 
verdict is in favor of tlx' process only under eertain conditions of light 
and climate when it i' desirable to obtain a record of observations in 
as short a space of tinx' as possible, either in high altitudes, when 
passing clouds afford but a tfeeting view of the landscapi', or in low- 
lying district', w hei'(' acti\ (' tribal hostility in the Held or some similar 
condition renders it desirabh' to curtail operations as mueh as possible. 

SM lb(i2 
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Under ;dl uther ordinury condition^ it is iiiiiintiiined l)y Uiinadiiui sur- 
veyors that, althouo'h ))()th time and labor nun' be saved on the tield 
operations, the resulting map can never attain the same standard of 
accuracy in detail that distinyTiislies g-ood topographical illustration of 
the usual variety of natural features. I am. of course, now speaking 
of geographical surveying as an art. not of mere geographical e.xploi- 
tation. In the lattei' case doubtless every traveler who can •’pull the 
string" in these davs can add immensely to the personal interest of his 
journeys bv his illustrations of them. But I would earnestly impress 
upon all travelers that if tlnw desire* those illustrations to be of any 
Use* for geographical compilation it is absolutely necessary to know 
the point from which they were taken and the direction of the view. 

HAU( )MKTi;if' REfORDS. 

Once again, too. would I warn travelers of the utter uncertainty of 
all classes of barometric determinations for altitude. Yerv little has 
btaai done in rc'cent years toward improving instrumi'iits of the l)aro- 
metric class, and meteorological science has not yet taught us how to 
deal with the constant variations in air ])r<>ssure i)roduced over local 
areas by changeable weather. I'herc aia* some countries where baro- 
metric records can hardly be regarded tis oHering a clue ev<‘n to 
dirt'erential heights. It can not be too often insisted on that the 
determination of the I'elative heights of mountain peaks and of the 
local value of refraction by means of tin* theodolitt* i' as much the 
duty of the triangulatoi as is the li.xing of those peaks in position for 
the use of the top(.)grapln-i'. From tlu'se. again, the altitude of posi- 
tions in th(‘ plains can be safely determined by small instruments of 
tin* clinometer class without resorting to tin* baromi'ti'r at all. although 
it may still lie necessary to a-'certain the \alm' of one initial (or final) 
point which must be determined by many obsei'vatioiis spread over a 
considerable length of time and synchronous with another set of obser- 
vations determined at sea. or some already known, level, 'rids, of 
course, will occur only when a new geographical area is opimed up to 
suia ey at some distanci* from the, siai. 

L .M\ ERSAI. MAIT'INO. 

It will 1)(‘ rememliered that a scheme was set afloat some V(‘ars ago 
by Di'. Penck, tin* eminent (lerman geograiiher. for the mapjiing of 
tin* whole world on the scale of one-millionth, which is verv nearlv 
eipiivalent to the scale of Ifl nules to 1 inch. Substantial progress has 
now been made in support of this .scheme by Fnglish map makers, 
esjiecially in India, where all the transbordt'r counti-ies which hav(' 
iailen gvographically into the hands of Indian survevors an* now being 
mapped on this scale. In the commencenu'nt of all great colonial 
-urvey schenn s it is much to be hoped that this project for one 
homogeneous and universal map will not la* lost sight of. 
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SPELLINC;. 

I wish that W(' were as well on the way toward hoiiiooaMKMtv in 
spelling as we are in seaha but it is imieli to ]»(> t'eanal tlait arbitrarv 
rules will have to be applied to so niaiiv spceial localities that no 
universal .system is ever likidy to be adopted. The farther that exact 
geography extends the more difficult becomes this problem, until at 
last Me shall probably arrive' at the conclusions adopti'd lono- a^o by 
the yovi'i-nment of India, and considi'r it best to lay doM ii bv order an 
arbitrary list of i)rominent names and rule that thi' spelline- of them 
shall be maintained as in this list in all (iovernment records and maps. 
Scientists may disagree', but, aftm- all, it seems the oidy practical nay 
out of the confusion that exists at prcse'iit. 

'Fhere is yet another subject of M'orld-M’ide inteiAst to tlu' ecoo-i’aph- 
ical student eepially M’ith the' practical ceoerapher Mhieh reepiires 
somethine' of the euaidition of the philoloe'ical scholar to lee broug’ht 
to bear upon it in order to arrive at a satisfactory issue. 1 refer to 
the subject of }j'eoi;'ra})hical t('rminoloe'y. It may seimi an (‘asv thine’ 
to be .satisfied M'ith such eeneral definitions as are involved in the tm’ins 
“ranee of mountains." "coast line.s." "main chatmels." ••watersheds," 
".sloijes." •bitlluents," and the like; but M'lu.'u these ti’i’iiis. and terms 
similar to them, are emi)loved in international aereenients and treaties, 
carryine- M'ith them the nece.ssity for identifyine- (.ai tin' face of nature 
the feature' mIucIi corresponds to the term employed, then' is always 
to bt' found room for discussion as to M'hat its I'xact nit'anine' may be; 
for the variations of nature are intinite. and no two fi'ature's classified 
undc'r the same generic name' are' alike', ^\’e're' 1 tee e'i' '' \'ou e'xanijeh's 
of eenly a fe'M' e)f the e’e'oo’rafihical exjeressieeiis M liie-h. care'lessh' used, 
have led up to serious international elisaoree'inents you Mould. 1 am 
assured, auree' M'ith me that it is hie'h time' theit eeou’j-ajjhe'rs all the 
M'eerld over came' to seeme' de'tinite' imelerstanelinw 'about the' me'aninc' eif 
o’e'oo’rajehical terms. Tee take an instane-e'. ^^’hat is a •' ranoe' " or 
"main ranee'" eef meeuntains' Whej-t' dot's it be'ein ; ^^'he're' eloe's it 

endt IIe)M' far deee's the term inveelve' cetelteoie-al strue-turet Whe'ii 
;i ceentiiiiueus line' of similar structure' is split ae’reess the axis eef it. eloes 
it be'ceeme tM'ee rane'es ter eleees it remain eene' and the' same' ranee'; Or. 
iie'ain. M'hat is ••the feeeet eif the hills;" Is it Mlu're' the stee'p sleepe's 
enel and the' talus eer eenth' erradients of its eh'tritus comme'ne-e. or must 
you folleeM the' latter eloM'ii tee the' ne'ari'st M'ate'i e'oiu'se ; If you talk 
e)f the' eeeast line eef Mestei’ii Pataifeeiua eer e>f NoiM'ay. dee you include 
sue’h heaellaiids as are' coimecteel M'ith the' maiidanel at Iom M ater and 
exe'lude' the; islands, or do you mean the' ceeast liiu' eef beetle ; ^\'hat is 
the nuiin ehannel of a river; Is it M'here the' HoMinw Mater scours 
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ck‘t‘})est from timo to tiiiio. or is it ii tixtiire miioiiu' a srore of minor 
chtiimels thut shift and change i Perfect detinition is, of course, hope- 
less. It is not in the power of man to deal with all the intinite vari- 
ations of oeograi)hical feature and to classify them as he would speci- 
mens of hotanical origiji or of natural history. But we miglit ari-ive 
at a much more satisfactory dictionary of geographical terms in our 
own language than at present exists, and wc^ might oti'er that dictioi'.ary 
to th(> geographers of the world at large and say, ■‘Ilere we haw at 
least endeavored to explain our meaning whim we make use of geo- 
graphical expressions. This is what is taught in our schools as the 
h('st UK'ans of translating the general idea into a distinct mental con- 
ception of natural features; and in future' when we use these terms 
you will know on the best authority that England can produce what it 
is that we mean by them." Then, possibly, instead of having to turn 
to (iermany and Franct' for assistance in ex])ressing ourselves clearly 
win'll drawing up legal documents tlealing with geographical condi- 
tions. w(' mav find the Phiglish language become the standard for this 
spi'cial I'lass of literature in spite of its verbal iioverty. This, at any 
rate, is what is now being attempted by the Cleograiihical Society, 
which spares no etl'ort in order to obtain the best literary assistance in 
its compilation that the country affords. We shall soon have a gi'o- 
graphical dii-tionary. I trust, and be able to enter with a little more 
ease and contidence into the field of literary discussion of geograph- 
ical subjects. 


PROGRESS OF GKOGRAPHirAr, K.DPl ATIOX. 

The progress of geographical education in the country, although it 
is by no mean- so universally apiiarent a- might be considered desir- 
able. yet -hows ('ucouraging symptoms of vitality in many directions. 

The Civil School at Oxford, for instance. conducti'd by Mr. Mackinder, 
ha- already made most successful efforts to produce exjiert teachers of 
geography. Here, in addition to Ifid undergraduates attending courses 
during the pa-t year, live students havi' already won the post graduate 
diploma granted by the univi'rsity. and it is encouraging to noti' that 
four out of the five liave already obtained di-tinctively g('Ographical 
work. Others similarly qualific'd. if of sufficient ability, would prob- 
ably not have long to wait for opportunities. In addition to its regu- 
lar university functions, the Oxford school has this year organized a 
summer course of thri'e weeks' study. This ha- bet'ii w('ll attended 
by teachers and instructors from all parts of the country, and even 
from .\merica. 

In London a department of economic geogra})hv is in course of 
organization at the School of Economics and Political Scii-ncc. and 
geography will become a compulsory subject in examinations, in the 
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matter of exainiiiations we have to elironicie the issue of a most excel- 
lent syllatuis for the new London matriculation which should ultimately 
hav(' orc'at influence on the teaching' in man}' schools. 

Lurther. tlu' ( teographical A.ssociation, a IkkIv now of several hun- 
dred teaclnu’s. has mad(‘ gn-at progre.ss. It has recentl\ conmnnicetl 
the issue of a journal known as the '■ ( ieographical Teaclu'r." oin' of 
whose fuiu'tions appc'ars to he tin' criticism of the ([uestions set in 
various public examinations. 

In th(' Lniv('rsity of ('amhridge the interests of geography are 
doubtless not overlookial. but they arc not <-onspicuously in evidence, 
and I hav4“ no trustwortliv data of tin' ))rogi‘css made' in thi'ii' main- 
tenanci'. 

In military scliools the' report of the late' e'ommitte'e appeeinteel tee 
ceensider the e'due'atieen eef army eellice'i's sinews ch'arly eneeugh that 
among all the' nee'e'ssary seibjects feel- a cade't's exlucatiem whie'h have tee 
be e'l'ammeel into the' e'xce'e'dingly sheert ceeurse of his military se'hoevl- 
ing that hrane h e>f ge'ogreiphv whie-h is e'lnbrae-e'fl by the' term "mili- 
tary topeegraphy " finds a \ ery cem.spie'uous place. The' sheert course 
of a military school will neve'r turn eeut an accomplisheel geeegraphical 
surveyor: nor doe's it in any way outflank the necessity for a military 
schoeel for professiomal te)pe)gra])he'rs. Hut it teae'hesthe young eetiicer 
how maps are' made' and instructs him in the use eef topographie'al 
symbeels. It weeulel be we'll if it coulel be pushed a little further — if it 
coidd teach him heew to make use' eef the maps when the'v arc msule — 
for personal experieue'c ceeuvinces me' that the' apathy shown by many 
of our feereniost gene'rals and leaelers een the' subjee t eef maps arises 
chietly from a well-feeundeel doubt of their eewn ability to make' use of 
them. As feer the breeadei' basis eef general ge'eegraphie'al instnie-tiren 
which weeiilel deal with the di.'-tribution of impeertaiet military posts 
anel strate'gie- peesitieens througheeut the Umpire and te'ae'h oflice'rs the' 
f uncthens eef sue h peesitieens. eithe'r individually eer in e eembinatieen, eluring 
militarv or naval ope'ratieens. it is pei'haps be'tter that such a strategie' 
aspee't eef geeegraphy slieeuld be reie'gated tee a later age. when the aver- 
age intelligenee eef the cade't ha.- beweeme meere' fidly developed. 

Taking it feer all in all. there are* distinct signs of a more gene'ral 
intere'st anel meere' si-heelarly .stanelarel eef thought in the subjee't of 
ge'eegraphv. 'this is preebably elue tee the' e'tfeerts eef !i e'omjearative'ly 
small e>remp of weerkers at a time eef general edue-ational reform, peessi- 
bly jeartly stimuhite'el by the disclee.-ures iii e-onne'ction with the late war. 

d'he methoels eef furthe'r improvement are' simple — hotter teache'i's 
iind be'tte'i- examining —anel feer be,th it is probable that we mu-t leeok 
meere' elire'e'tlv tee e'ivil seeure'e'- than tee tlu' tentiitive etfeerts eef the mili- 
tar\' scheecels. 
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It will load into niy >ul)j('ct nio^t convoniontlv to contrast and 
soparat(' two divoi-oiMit ty])os of ndnd. tyjx's which arc to Ix' distin- 
ji'uishcd chiefly hy tln'ir attitude' toward time, and more jiarticularly 
l)y the relative' iinpeertam e' the'v attae h and the* re'lati\e' ameeunt of 
theeuo'ht they yive to the future eef thines. 

The first of these twee type's of mind, and it is, I think, the'pre’denninant 
type, the' type of the majeerity of liviny pe'ople. is that whie h se'eins 
scarcely to think eif the future' at all. whie-h rettiirels it as a seert eif black 
nonexiste'iice' upem whie'h the' aelvam-ine pre'se'nt will ])re'se'ntly write 
eve'iits. The' se'coml type', w Inch is. I think, a meue meeeh'i n and much 
less ahundant type' eef mind, thinks ceenstantly and hy pre'fe're'iu'e' eef 
thines tee e'ceme'. anel eef pre'se'ut thines mainly in re'latieen tee the re'sults 
that must arise' freem tlu'iu. The' feerme'i- tyjee eef minel. when one ee'ts 
it in its purity, i- re'tr(especti\ e' in hedeit. and it inte'rpre'ts the thines lef 
the' pre'se'iit. anel ei\a's value' tee thi-' anel ele-nios it tee that, e'litirely with 
re'latieen tee the' jeast. The' latte'r type' eef minel i" e-eenstriu'tive' in haleit. 
it interprets the' thines of the' pre-se'iit aeiel give's v alue' tee this eer that, 
entire'lv in re'latieen tee thines desieiicd or feei'e'se'e'u. While freem that 
forme'r peeint eef vie'w eeur life' is simply tee reap the e'eense'epie'ne'e's eef the 
past, freem this eeur life' is tee pre'pare' the' future'. 'I'he feerme'r type eene 
mie'ht spe'ak eef as the' legal eer suhmissive tyiee eef miud. he'e-ausc the 
leusine'ss. the' prae'tie'e'. and the training eef a hiw ve'r elispeese' him teeward 
it; he' eef all nu'ii must most e-eeiistaeitly ri'fer tee the' law maeh'. the' right 
Cstidelislu'el. the' pre'e'eeh'iit set. anel meest e'eensiste'utly igmere' eer e'een- 
de'inn the' thing tluit iseeuly seeking tee e'-tahlish itse'lf. The' latte'r type 
of minel I nught feer eeentrast call the* h'gislative'. cre'ative'. eerganizing. 
eer mastc.-fid type, he'e ause' it is pe-rpetually attacking and alte'ring the 
estidelislu'el orele'r eef things, pe'i'pe'tually falling away freem re'spe'e't for 

c Itcprinte'il ley pe'i'Illissiim tlielll ' ' N.ltlll’e'.'’ l.eiixleele. Xie. leeS 4 . Viel. fe.e. Ft'le. (>. I!en2. 

''A elisi'iern'M' (U'livere'el at tiu' Iteeyal Iiistitutiem em Friilav, .laiieiaiy 1’4, lieeir, ley 
Air. 11. e;. Wells. 
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what the past has given us. It .sees the woild as one great workshop, 
and the present is no more than material for the future, for the thing- 
that is yet destined to be. It is in the a<'tive mood of thought, while 
the fornii'i- is in the passive; it is the mind of youth, it is th(> mind 
more manifest among the western nations, while the former is the mind 
of age. the mind of tlu‘ oriental. 

Things have been, says the legal mind, and so we are here. And 
the er('ati\ e mind says we are here because things hav(' vet to be. 

Mow I do not wish to si-.ggest that the great mass of people ladong to 
either of tliesc two types. Indeed, I speak of them as two distinct 
and distinguishable types maiidy for convenience and in ordc-r to 
accentuate their distinction. There' are ])robal)ly very few people who 
brood constantly upon the j)ast without any thought of the future at 
all. and ther(' are probably scarcely any who live and think consistentlv 
in relation to the future. T'he great mass of pi'ople ocenpv an inter- 
mediate position between these extremes, tln-y i)ass daily and hourlv 
from tin* passive mood to the active, they see this thing in relation to 
its a'sociations and that thing in relation to its consequences, and they 
do not (‘\ en suspect that they are using two distinct methods in their 
miinls. 

But for all that tln>y are distinct methods, the method of refc-rence 
to the p-ist and the method of reference to the futnre. and their min- 
gling in many of our minds no more abolishes their difference than the 
existenc(' of [)iebaid horses proves that whit(' is black. 

I belie\'e that it is not sufficiently recognized just how different in 
their coiiseciuenccs these two methods are. and just where their differ- 
ence and where the failui'e to appreciate their difference takes one. 
This present time is a period of quit(' extraordinary uncertainty and 
indecision upon endless (piestiotis —moral (|uestions. iesthetic ([uestions, 
religious and political <j uestions in)on which we should all of us be 
happier to feel assured and settled, and a very large amoiuit of this 
ffoating uncei'tainty about these inqmrtant matters is duo to the fact 
that with most of us tht'se two insufficiently distingui.shed ways cjf 
looking at thing-, are not only i)rescnt together, but in actual conflict 
in our minds, in unsuspected conflict; we pass from one to the other 
heedlc'-sly w ithout any cleai- recognition of the fundami'iital difference 
in conclusions that exists between tin* two. and we do this Avith disas- 
trous results to our contidi'iici' and to our consisten<-v in dealing with 
all sorts of things. 

But b(‘forc ])ointing out how divergent these two tvp('s oi- habits of 
mind really are. it is nccc'ssarv to nn'et a possible objection to what 
has be('n said. 1 may put that objection in this form: Is not this dis- 
tinction Ix'twccn a type of mind that thinks of the past and of a type 
of mind that thiid-is of the futun' a soi-f of hail’ splitting, almost like 
distinguishing between people who hu\e h>ft limids and people who 
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have rio'ht; Everybody ])elieves that the pre.sent i.s entirely deter- 
niine<l by the past you say; but then everybody i)elieves also that the 
present determines the future. Are we simply separatine' and contrast- 
ing two sides of e\'erybody's opinion ^ To whii'h one' replies that wo 
are not discussintr « hat W(' know and l)elieve alK)ut tlie relations of 
pa>t, present, and future, or of the relation of eaus(' and etieet to each 
otlier in time. We all know the ])resent depends for its eaus(‘s on the 
past, and that the future depends for itseau.sc>s upon the present. Hut 
this discussion concerns the way in which we approach thinos upon 
this common ground of knowledge and belief. Wi' may all know tlnu’e 
is an east and a W(‘st. but if some of us always apj)roach and look at 
things from the west, if some of us always approach and look at things 
from the east, and if others again wander about with a pretty disre- 
gard of direction, looking at things as chance di'tcu'mines, some' of us 
will g-et to a westward conclusion of this journey, and some of iis will 
get to an eastward conclusion, and some of us will get to no definite 
conclusion at all about all sorts of important matters. And yet those 
who are traveling east, and those who are trax eling west, and those 
who are wandering haphazard, may be all upon the same ground of 
belief and statement and amidst the same assembly of proven facts. 
Precisely the same thing will happen if you always approach things 
from the jioint of view of their causes, or if you apjiroach them always 
with a view to their [irobable effects. .Vnd in several Acry important 
groups of human atl'airs it is possil)le to show (piiti' cli'arly just how 
widely apart the two methods, pursiual each in its purity, take those 
who follow them. 

I suppose that three hundred vears ago till people who thought at 
all about moral (juestious. about ipiestionsof right and wrong, di'duced 
their rules of i-onduct absolutely and unreservedly from the past, from 
some dogmatic iTijimction. soiiu' tinally settled decree. The great 
mass of people do so to-day. It is written, they say. Thou shalt not 
steal, for e.xample — that is the sole. coiiH)lete, and sufficient reason whv 
3 mu should not steal, and even tf)-dav there is a strong aversion to 
admit that there is anv relation between the actual eonsinjueiua's of 
acts and the imptu atives of right and wrong. Our lives are to reap the 
fruits of det(‘rminate things, and it is still a fundamental presumption 
of th(' t'stablished moralitv that one must do right though the heavens 
fall. Hut tlier(“ are la'ople coming into this world who would refuse 
to call it right if it brought the heavens about our heads, however 
authoi’itativtt its sources and sanctions, and this new disposition is. 1 
ladieve, a growing one. I suppose in all ages peoj)l(' in a timid, hesi- 
tating. guiltv way ha\'e timiiaTtal the austeritv of a dogmatic moial 
code bv small infractions to seeui’e obvioU'lv kindly imds, but it was. 
1 am told, the Jesuits who tirst ilelil>eratelv sought to (pialifv the 
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moTul iiitorprotrttioii of acts hya coii'-ido ration of tlicir la'sults. Toalav 
tlK'i'c arc few people wlio ]ia\e not more* or less (■]('arly disco\'er(*d the 
futur(‘ as a inoi-e oi’ less important factor in moral considerations. 
To-day thei’i' a certain small projxndion of [)eople who frankly regard 
morality a^ a means to an end. as an overriding- of immediate and per- 
sonal considi'rations out of regard to .something- to he attained in the 
future, and wlio l)r(‘ak away altog-ether from the id('a of a code dog- 
matically c'tahli'hed for ever. Most of us are not so detinite as that, 
hut most of Us ai-e de(-ply ting-ed with the spii-it of compronnse between 
the past and the future: we pi-ofess an uid>ound('d ;dleg-iance to the 
prescriptions of tin' past, and w*' practice a g-i'ueral ohservance of its 
iTijunctioiis. hut w(‘ ([ualify to a vague, variahh- e\te!it with considera- 
tions of ('.vpediency. W(' hold, for (‘xaniple. that we must rc'spect our 
pi-oniises. I)ut suppos(' w«' find unexpectedly that for one of us to 
k(’e}) a pi-omi'e, which has heen sc'aled and sworn in tin' most sacred 
fashion, must h-ad to the great suffering- of soim' other human heing, 
must lead, in fact, to pru<-ti(-al ('vilf Would a man do right or wrong- 
if he hi'ok(' 'Uch a promi'ef 'I'he prac-tical decision most modern peo- 
ph' would make would la' to hrt'ak the promise, .Most -would say that 
they did evil to a\'oid a greater e\ il. But suppose it -was not suc-h very 
gr(‘at sutrering -sve W('i'e going to infiic-t, hut oidy some suffering f 
And suppose it was a i-ather important promised M’ith most of tts it 
would then coim' to la' a matter of w('ighing tin' promise, the thing of 
the past, against this unexpected had cons('ipienci'. tin- thing of the 
futui-e. .Vnd the smaller tin' o\-erplus of e\ il coiisi'iiuences th(' mori' 
most of Us would \a(-dlate. But m'ither of tin' tw-o typ('s of mind w(' 
ar{' contrasting would \"acillat(' at all. d'lie legal type of mind would 
ohe\ the past unhesitatingly, the creative would unhesitatingly sac-ri- 
tice it to the future, d'he legal mind would say. "tln'y who hreidc the 
law at any point break it altogethei-." while the creatixe mind would 
say. "h't the rlea<l pa-t bury it- de:iil.'’ It is coin'einent to take my 
illustration from the sjjliere of ]>i-oini-es. l)ut it i- in the ri'alm of 
sexual morality that the two methods ai-(' most ai-utely in contlict. 

And 1 would like to sugge-t that until \-ou ha\-e deliiutely (h'tcr- 
miiu'd eithei- to obey tin' real oi- imaginary imp(‘i'ati\-es of tin' past, or 
to set youi--elf toward the demands of .some id('al of the future, until 
you lia\ (' made up your mind to adhen' to om' or other of these' two 
type- of nii'iital action in these matter.-, you are' not ('V('n within ho])(' 
of a sustaiiK'd con-iste'iu-y in the thought that underlii's your acts, that 
in e\ery i-sue of ])rinci})ic that come- upon \-ou. \'ou will he entirely 
at till' mercy of tin' intellectual mood that happen- to hi- a-<'<'ndant at 
that [lartie ular moiiK'ut in your mind. 

In the sphere of public affairs ul-o tlu'si' two ways of looking at 
thing- work out into eipially diverge'iit and iin-oinpatihle consi'epu'nccs. 
Till' legal mind iii-i-t- mion treatie-, con-titution-, legitimacies, and 
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cluirters; the iiicossaiitly af'Sail.s those. Whenever some 

period of stress sets in, some "icat eontliet lietween institutions and 
the forees in thines, there comes a sorting tietween tliese two ty}>es of 
mind. The leyal mind l)ecomes oloritied and transtioiued in tin' form 
of hopeless loyalty, the creati\ e mind inspires ii'voliitions and recon- 
structions. And particularly is this ditferenca' of attitude aecamtuated 
in the disputes that arise' out of wars. In most modern wai's there is 
no doubt (juite traceable on one' side or tin' otlu'r a distinct ei’('ative 
id('a, a distieict reo-ard for .sohn' future eonse'eiuenee; but tin' main 
dispute evc'u in most modern wars and tin- soh' dispute in most media'- 
val wars will be found to In' a refere'iice, not to tin' future', but to the' 
p:ist; te) turn upon a ([eie'stion eef fae-l anel rinht. The' wars of I’hin- 
tani'iu't and Lancastrian F.nnl.ind with France', feel- e.xample. were' base'el 
e'ntii'cly eipon :i dummy claim, siippeerte'el bv eelise nre h'md arnuun'iits, 
upem the crown of Frane'e'. ,Vnel the' arniime'nts tluit e-e'iite'r about the 
pi'e'se'iit war in Seaith Afi'ica inneere' any ieU'a! eif a yreat unite'el .''eeuth 
Africein steite idmost e'utirely, anel eiuileble this way anel that about 
win) lee'o'an the' tio-htitin- anel what was eu- wi>s met wi’itten in seeme 
obscure re'visieen of a tre'aty !i se-eere' eef ye'ars ano; ye't be'iie'ath the 
h'o'al issues the' broad e-re^eitive ieh'a has be'e'n \e'ry apparent in the- ])iib- 
lie- mind durine- this war. It will lee founel more eir less eh'tinitely 
formulate'el be'iie-ath idmej't all the ereat weirs eef the ])a't ei'iitury. anel 
a e'ennparisem eif the weirs of the' nine'te'e'iith e-entury with the' wars eif 
the mieldh' ane's will slieiw. I think, that in this tielel eilsei there' has be'i'ii 
el elisi'eive'l'y e)f the' future', an ini're'elsinw elis[)ositie)ii tee shift the' re'fe'r- 
e'lu-e' anel \eilue's from thine-s eiee'eninilishe'el to things tei come'. 

\e't though fore'sic'lit e're'e[)s into enir peelitie-s euiel el re'fe're'iie'e' tei 
coiisi*)|ui'n)'i' into our meirality. it is still the' past that elominate's our 
lives. lluteNhyt ^\'hy are we se> Inninel te) it t It is inte) the' future' 
we ee). to-me)rre)w is the e'ventful tliint;- feir us. 'rheri' lie's eill that 
remains to be felt by us eind emr e-hiklre'u and all those that are' di'eir te) 
Us. Yet we' marshal and oreli'r iin'ii into e-lei'ses e'litirely with re'oard 
to the past, we' draw shame' anel heenor enit of the least: against the' 
riu'hts of preepe'rty. the' \i'sti'd inte're'sts. the' ao're'e'inents and e'steiblish- 
iiU'iits e)f the past the future' has nee rights. Liti'i'ature' is feer the most 
part histeery eir histeery at eene re'iiieeve'. anel what is culture' but a nnild 
e)f inte'i'iere'tatieen inte) whie'h ni'W things are thrust, a e'eelh'e'tion eef 
stanelarels. a sort of bi'el e)f KinwOo-. to whie'h all lu'w I'xpri'ssions must 
be' loppe'el or stre'tched f (Jur e'eenve'iiie'tie'e's. like' euir theeiiohts. are' all 
retre)spe'eti\ e. ^\'e' tra\ el een roaels see narreew that the'v sutl'oe'ate' enir 
tratlie". we live' in une eiinfortable'. ine'eenve'iiie'nt. life'-wastiny heeuse's out 
of a leeve' e)f familiar shape's anel familiar e'Usteems anel a elre'ael e)f 
strano'eiu'ss. all our jeublie' att'airs are' e-rampe'el by leieal benindaries 
impeessibly re'strie'te'el anel small. ( )ur e-lothinn-. our habits of speee'h. 
our s|)(.I|iiio'. our we'iphts anel me'asure's. our e-eeinaye. our re'li_> ie)us anel 
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political theorie.s. all witness to the binding- power of the past upon 
our inind.s. Yet we do not serve the past as the Chinese have done. 
There are degrees. We do not worship our ancestors or prescribe a 
rigid local costume; we venture to enlarge our stock of knowledge, 
and we (pialify the classics with occasional adventures into original 
tliought. Compared with the Chine.se we ai’o distinctly aware of the 
future. But compared with what we might be the past is all our 
world. 

The reason why the ladrospective habit, the legal habit, is so domi- 
nant. and always has been .so predominant, is of cour.st' a perfecth’ 
obvious one. We follow the fundamental human principle and take 
what w(‘ can get. All people believe the past is certain, delined, and 
knowable. and only a few people believe that it is possible to know 
anything about the future. Man has acquired the habit of going to 
th(' past because it was the line of least resistance for his mind. M'hile 
a certain variable portion of the past is .serviceable matter for knowl- 
edge in the case of everyone, the future is, to a mind without an im- 
agination trained in scientific habits of thought, nonexistent. All 
our minds are made of metnories. In our memories each of us has 
something that without any special training whatever will go back 
into the past and grip tirmlj' and convincingly all sorts of workable 
facts, sometimes more convincingly than firmly. But the imagina- 
tion. unless it is strengthened b\' a very sound training in the laws of 
causation, wanders like a lost child in the blackness of things to come 
and returns empty. 

Many people believe, therefore, that there can be no sort of cer- 
tainty about the future. You can know no more about the future. 1 
was recently a.ssured by a friend, than you can know which way a kit- 
ten will jump next. .\nd to all who hold that view, who regard the 
future as a perpetual source of convulsive surprises, as an impmietra- 
ble. incurable, perpetual blackness, it is right and reasonal)le to derive 
such values as it is necessary to attach to things from the events that 
have certainly happened with regard to them. It is our ignorance of 
the future and our persuasion that that ignorance is absolutely incura- 
ble that alone gives the past its (mormons predominance in our 
thoughts. But through the ages, the long unbroken succession of 
fortune tellers —and they flourish still — witnesses to the perpidually 
smoldering feeling that after all tliere may be a better sort of knowl- 
edge- a more serviceable .sort of knowledge than that we now possess. 

On the whole there is .something .sympathetic for the dupe of the 
fortune-t(dh‘r in the spirit of modern science: it is one of tin- pers-iia- 
sions that conn' into one's mind, as one a.ssimilates the broad concep- 
tions of scienc('. that tin* adcijuacy of causaticm is univc'rsal; that in 
absolute fact, if not in that little bid)bh‘ of relativ(' fact, which consti- 
tutes tin* individual life, in ab.solute fact tla* future is ju.'t as tixed and 
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detenuinate. just as settled and inevitable, just as possible a matter of 
knowledge as the past. Our personal memory gives us an impression 
of the superioi' reality and trustworthiness of things in the past, 
as of things that have tinally eommitted themselves and said their say, 
but the more clearly wo master the leading conceptions of science the 
better we understand that this impression is one of the results of the 
peculiar conditions of our lives, and not an absolute truth. The man 
of scienca' comes to believe at last that the events of the year .V. D. 
4000 are as fixed, settled, and unchangeable as the events of the year 
Onlv about the latter he has some material for belief and al)out 
th(' foi’iiK'r practically nont'. And the <piestion arises how far this 
absolute ignorance of the future is a fixed and necessary condition of 
human life, and how far sona^ a})plication of intellectual methods ma\' 
not attenuate even if it does not al)solutely set aside the \ eil between 
ourselves and things to comi'. And 1 am venturing to suggest to you 
that along certain line.s and with certain (pialitications and limitations 
a working knowledge of things in the future is a possibh' and practi- 
cable thing. And in ord(*r to support this suggestion I would call 
your attention to certain facts about our knowledge of the past, and 
more particularly I would insist upon this, that about the past our 
range of absolute certainty is very limited indeed. About the [)ast I 
would suggest we are inclined to overestimate our certainty, just as 1 
think we are inclined to underestimate the certainties of the future. 
And such a knowledge of the past as we have is not all of the same 
sort or derived from the same sources. Let us consider just what an 
educated man of to-day knows of the past. First of all he has the 
realest of all knowledge — the knowledge of his own personal expe- 
riences, his memory. LTieducated people believe their memories 
absolutely, and most educated people believe them with a few reserva- 
tions. Some of us take up a critical attitude even toward our own 
memories; we know that they not only sometimes drop things out. but 
that sometimes a sort of dreaming or a strong suggestion will put 
things in. But for all that, memory remains vivid and real as no other 
knowledge can be. and to have .seen and heard and felt is to be nearest 
to absolute conviction. Yet our memory of direct impressions is onlv 
the smallest part of what we know. Outside that bright area comes 
knowledge of a ditferent order — the knowledge brought to us by other 
people. Outside our immediate personal memory there comes this 
wider area of facts or (juasi facts told us by more or less trustworthy 
people, told us by word of mouth or by the written word of living 
and of dead writers. This is the past of report, rumor, tradition, and 
history — the st'cond sort of knowledge of the past. The lU'arer knowl- 
edge of this sort is abundant and clear and detaih'd. remoter it becomes 
vaguer, still more remotely in time and space it di(>s down to brief, 
imperfect inscriptions and enigmatical traditions, and at last dies away, 
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SO fill- a-i tilt' records and traditions of Iminaiiity yo. into a doulit and 
darkness as lilack. Just as black, as futurity. And now let me remind 
\ ()u that this second zone of knowledn'o outside the lirio-ht area of 
what we have felt and witnessed and handled for ourselves — this zone 
of hearsay and history and tradition — compl'eted the whole knowledge 
of till' past that was acces.sibh' to Shakespeare, for t'xample. To these 
limits man's knowledge of the past was absolutely coiitini'd save for 
soiii" inklings jind gut'sses. save for .some small, almost negligible 
beginnings, until the nineteenth century began. Besides tht' correct 
kiiowledgi' in this scheme of hear.say and history a man had a certain 
amount of legend and error that rounded olf thi' picture in a very satis- 
fying and misleading way. according to Bishop Bssher. just exactly 
4nu4 years B, ('. And that was man's uni\'ersal history — that was his 
all — until the scientitic (‘poch began. And beyond those limits — i 
A’ell. 1 suppose the educated man of tht' sixteenth century was as cer- 
tain of the nonexistence of anything before the creation of the world 
as ht' was. and as most of us art' still, of tht' practical noni'xisti'nci' of 
till' tuturi'. or at any rati' he was as satistied of the impossibility of 
knowleilgt' in the out' dirt'ction as in tin' other.' 

But modern scii'iict'. that is to .say the reli'iitless systematic criticism 
of phi'iiomena. has in the past hunilred years absolutely ilestroyi'd the 
conception of a tinitely distant begimiiiigof things; has abolished such 
limits to the past as a ilated creation st't, anti atldeil an enormous vista to 
that limited sixteenth century outlook. And what I would insist upon 
is that tliis further knowledge is a new kind of knowli'dgt', obtaiiu'd 
in a new kind of a way. We know to-ilay. ipiili' as conlidently and 
in man\’ rt'spects mori' intimately than we know Saigon i.ir Zenobia 
or ( 'aractacus. the form anti the ludiitsof cri'atures that no living being 
has ever iiii't. that no human I'ye has ever regardt'il. anti tlii' charaett r 
of sceni'i'y that no man has i'\ er si'cn or can e\ t'r jiossibly st'c: wt' pic- 
ture to oursi'lvcs thi' laity rinthoilon raising its clumsy ht'ail abovi' thi' 
wati'i’s of till' carltonifi'rous swamps in which he lii'etl. anti we tiguri' 
the jiti'roilactyls. those gri'at Itiril li/.arils. Happing their way athwart 
till' foncsts of till' Mesozoic age w ith I'.xactly tht' . saint' ci'rtainty as that 
with which w i' picturi' the rliinoci'ros or the \ ulturi'. I iloubt no moi'i' 
about till' facts in this further ])icturi' than T do altout thosi' in thi' 
ni'ari'st. 1 hi'lii'vi' in the megathei'ium which I hin t' ni'N'cr seen as 
contiili'iit ly 11 ' I bt'lit'M' in tin' hip[)opotamus that has engnlfi'd buns 
from my liaiul. .V vast amount of iletail in that further picturt' is now 
tixi'd anti liiiit.' for all time. .Vml a countless nimibi'r of iiu i'stigators 
are pi'isistently anil conlidently eniargiiig, amplify ing. correcting, anil 
pushing further and further back the boundaries of this greater past — 
this prehuman jiast- that the scientitic criticisin of existing jihenomena 
has disco\ ered and restored and brought for the tii sf time info the 
worlil of human thought. We have become jiosses.sed of a new and 
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once unsuspected history of the world — of which nil the history that 
was known, for example, to Dr. Johnson is only the bric'f concluding 
chapter: and even that concluding chapter has b('en greatly eidarged 
and corrected by the exploring arclneologists working strictly upon 
the lines of the new method — that is to .say, the comparison and criti- 
cism of suggestive facts. 

I want particularly to insist upon this, that all this outm- past — this 
nonhistorical past — is the product of a lu'w and keener habit of 
inquiry, and no sort of revelation. It is simply due to a new and 
moz'e critical way of lookingat things. Our knowledge of the geolog- 
ical past, clear and delinite as it has beconuu is of a ditl'erent and lower 
order than the knowledge of our menioiw. and yet of a ((uit(' practica- 
ble and trustworthy order — a knowledgt' good enough to go upon; 
and if one wt're to speak of the privati' UK'inory as the ])ersonal past, 
as the next wider area of knowhalge as the traditional or historical 
past, tin'll OIK' might call all that gi'cat and inspiring background of 
remoter geological time the inductive past. 

And this great discovery of tlie inductivi' past was got. by the dis- 
cussion and rediscussion and elective criticism of a number of existing 

o 

facts, odd-shaped lunqis of stone, streaks and bandings in ipiarries and 
clili's. anatomical and developmental details that had always been about 
in the world, that had been lying at the feet of mankind so long as 
mankind had existed, but that no one had e\er dreamed before could 
supply any information at all. much more reveal such astounding and 
enlightening vistas. Looked at in a lu'w way they became sourei's of 
dazzling and penetrating light. The remoter past lit up and became 
a picture. Considered as effi'cts. eompari'd and criticised, they yielded 
a clairvoyant vision of the history of interminable years. 

And now. if it has been jiossilde for mi'ii by jiicking out a number 
of suggestive and signilicant looking things in the ])resent. bv com- 
paring them, criticising them, and discU'-ing them, with a iierpetual 
iusistenee upon why 1 without any guiding tradition, and indeed in the 
teeth of establishi'd belii'fs. to construct this amazing search light of 
inference into the ri'iuoter past, is it really, after all. such an I'xtrava- 
gant and hopeless thing to suggest that, by seeking for o[)('rating 
causes instead of for fossils, aiul by criticising them as persistently and 
thoroughly as the geological recoial has la-en criticised, it nuiv be pos- 
sible to throw a search light of inference forwai'd instead of backward, 
and to attain to a knowledge of coming things as clear, as uni\ ersally 
convincing, and intinitely more important to mankind tlnin the clear 
vision of the })ast th;it gc'ologv has opened to us during the nineteenth 
century 

Let us grant that anything to corre.spond with the memory, anything 
having the same ii'lation to the future that memory has to the past, is 
out of the (piestion. We can not imagine, of course, that we can evex’ 
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know ;iny personal futuro to correspond with our personal past, or 
any traditional future to correspond with our traditional past; hut the 
possihility of an inductive future to correspond with that great induct- 
ive past of geology and arch.-eology is an altogether ditl'erent thing. 

I must confess that I ))elieve quite firmly that an inductive knowl- 
edge of a great number of things in the future is becoming a human 
possi])ility. I believe that the time is drawing near when it will be 
possible to suggest a systematic exploration of the future. And you 
must not judge the practica))ility of this enterprise by the failures of 
the past. So far nothing has been attempted, so far no first-class 
mind has ever focused itself upon the.se i.ssues; but suppose the laws of 
social and political development, for example, were given as many 
brains, were given as much attention, criticism, and discussion as wc 
have given to the laws of chemical combination during’ the last fifty 
years, what might we not expect 1 

To the popular mind of to-day there is something very ditticult in 
such a suggestion, soberlv made. But here, in this Institution which 
has watched for a whole century over the splendid adolescimce of 
science, and where the spirit of science is surely understood, you v.'ill 
know that as a matter of fact prophec}' has always been inseparably 
associated with the idea of .scientific research. The popular idea of 
scientific investigation is a vehement, aimle.ss collection of little facts, 
collected as the bower bird collects shells and pebbles, in methodietd 
little rows, and out of this process, in som(‘ manner unknown to the 
popular mind, certain conjuring tricks — the celebrated wonders of 
science — in a sort of accidental way emerg(>. The popular conception 
of all discovery is accidei\t. But you will know that the essential 
thing in the .scientific proce.ss is not the collection of facts, but the 
analysis of facts. Facts are the raw material and not the substance of 
science. It is analysis that has given us all ordered knowledge, and 
you know that the aim and the test and the justification of the scientific 
proce.ss is not a marketable conjuring trick, but prophecy. ITitil a 
scientific theory yields confident forecasts you know it is unsound and 
tentative; it is mere theorizing, as evane.scent as ai’t talk or the phan- 
toms politicians talk about. The splendid body of gi’avitational 
astronomy, for example, establishes itself upon the, certain fona-ast of 
stellar movements, and von would absolutely r('fuse to believe its 
amazing assertions if it were not for these same unerring fcjrecasts. 
The whole l)ody of medical .science aims, and claims the abilitv, to 
diagnose. Meteorology constantly and })ersistently aims at ])rophecy, 
and it will never stand in a place of honor until it can certainlv fore- 
tell. The chemist forecasts elements before he meets them — it is vei’}’ 
properly his lK)a.st- and the splendid manner in which the mind of 
Clerk Maxwell reached in front of all exiau-iment and foretold those 
chings that Marconi has materialized is familiar to us all. 
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And if 1 am right in saying that science aim.s at prophecy, and if the 
specialist in each science is in fact doing his best now to prophesy 
•within the limits of his field, what is there to stand in the way of our 
building up this growing body of fort'cast into an ordered picture of 
the futiu'e that will 1)C just as certain, just as strictly science, and per- 
haps just as detailed as the picture that has been built up within the last 
hundred years to make tin' geological past^ Well, so far and until 
we bring the prophecy down to the affairs of man and his children, it 
is just as possible to cai’ry induction forward as liack: it is just as sim- 
ple and sur(' to work out th(' changing orbit of the earth, in the future 
until the tidal drag liauls one unchanging face at last toward the' sun 
as it is to work back to its blazing and molten ]>ast. Ibitil man comes 
in, the inductive future is as real and convincing as the inductive past. 
But inorganic forces are the smaller part and the minor inteiH'st in 
this concern. Direct!\ man becomes a factor the nature of tin' prob- 
lem changes, and our whole pre.sent interc'st c('nt('rs on tin' (piestion 
whether man is, indeed, individually anfl colleeti\ely incalculable, a 
new element which entirely alters tin' nature of our iinpiiry and stamps 
it at once a-' vain and hopeless, or whether his ])r('sence complicates, 
but does not alter, the essential nature of th(' induction. How far may 
we hope to get trustworthy inductions about tin' future' of maul 

A\ ell. I thitik, on the' whole, we are inclined to underrate' our chance 
of certainties in the future, ju.st as 1 think we' are inclined to be too 
creduleuis abenit the hi.steerical past. The vividne'ss eef euir personal 
niemorie's. which .ire the \ e'rv e'ssence of reality tes us. throws a glamor 
of couvictiem over tradition and past induction.'.. But the personal 
future must in the very nature of things be hidden from us so long as 
time endures, and this black ignoi'ance at emi' r erv fe'ct — this black 
shadow thiit ceuT'e'sponds to the' lerightness of our me'moi'ie's be'hind us — 
throws a glame)r eef unecrt.iinty and unre'ality eeve'r all the* future. 
We are continually surprising eeui-'-elve's by eeur own will or want of 
will; the individualities abemt us are continually preeducing the unex- 
pected. and it is very natural to reaseen that as we' can never lee pre- 
cisely sure be'fore the time coine's what we are going tee do and feel, 
and if we can neve'r ceeunt with ale.solute' e-ertainty ujeeen the acts and 
happe'nings e\ en eef eeur most intimate' frienels, how much the more 
impossilele is it tee antieiieate the behavior in :my directieen eef states 
and communities 

In reply tee whie-h I would aelvanci' the suggestion that an increase 
in the number of human beings e-eensidered may positivelv simplify 
the case instead of e'eempiicating it; that as the indivieluals ine-rease in 
numbe'r they be'gin tee ave'reigm eeut. Let me illustrate this point by a 
e-omparison. Angular pit seind has grains tef the most varied shapes. 
Examined microscopically, you will tind all sorts of angle's and out- 
lines and variations. Before you look you can say of no particular 
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oniin wnut its outline will he. And if you shoot a load of sueli sand 
from a cart you can not fondidl with any certainty where any partic- 
ulai prain will lx- in tlu^ heap that you make; hut you can tell — you 
can tell jnetty dehnitidy — the form of the heap as a whole. And fur- 
ther. if you pass that sand throuoh a series of shoots and tinally drop 
it some distance to the oround. you will he able to foretell that grains 
of a certain sort of form and size* will for the most part he found in 
oiu' part of the Inaip and grains of another sort of form and size will 
he found in another part of the heap. In such a case, you see, the 
thing as a whoh' may he simpler than its component parts, and this I 
suhmit is also the case in many human affairs. So that hecause the 
individual future eludes us completely that is no reason why we 
should not aspire to. and discov('r and use. safe and serviceal)le gen- 
eralizatit)ns u})on countless important issues in the human destiny. 

But there is a very gra\ e and important-looking difference between 
a load of sand and a multitude of human beings, aiul this I must face 
and examine. Our thoughts and wills and emotions are contagious. 
An exceptional s(jrt of sand grain, a sand grain that was exceptionally 
big and heavy, for example, exerts no influence worth considering 
upon any other of the sand grains in the load. They will fall and roll 
and heap themseh’es just the same whether that exceptional grain is 
with them or not: hut an (>xc(>ptional tnan comes into th(' world, a 
C’a'sar or a Napoleon or a Ih'h'r the Hermit, and he appears to per- 
suade and convince and coiinnd and take entin' possession of the sand 
hcaj> — 1 mean the community — and to twist and alter its destiiues to 
an almot unlimited (‘xtent. .Vnd if this is indeed the case, it reduces 
our project of an inductive knowledge of the future to veiy small lim- 
its. To hope to foretell the birth and coining of nnm of exceptional 
force and genius is to hope ineri'dihly. and if. indeed, such excep- 
tional men do as much as they seem to do in warping the path of 
humanity, our utmost iirojihetic limit in human affairs is a conditional 
sort of prophecy. If ])eople do so and so. we can say, then such and 
such ri'sidts will follow, ancl we must admit that that is our limit. 

But evt'ryhody does not believe in the importance of the leading 
man. Tlnu'e are those who will say that tin' whole world is different 
by reason of Napoleon. But there are also those who will say the 
whole world of to-day woukl he \'ery much as it is now if Napoleon 
had nevi'r tn'cn horn. There are tliosi' who believe entirely in the 
individual man and those who believe entiridy in the forces ladiind the 
individual man. and for my own jiart I must confi'ss myself a rather 
extreiiK' case of tln> latter kind. I must confess T helicN e that if by 
some juggling with spaei' and time Julius t’a'sar. Naiioleon. Edward 
B illiain the Conqueror. Eord Kosebery, and Robert Burns had 
all been changed at bii th it would not have produced any serious dis- 
location of th(“ course of de'tiiiy. I belie\ that these great men of 
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ours are no more than images and synd)ols and instrunamts taken, as 
it wore, haphazard l)y the incessant and consistent f(>rc(\s behind them; 
they are the pen nibs Fate has used for her writing, tlie diamonds 
upon the drill that pierces through the rock. And the mon' one 
inclines to this trust in forces the more one will believe in the pos- 
.silnlity of a reasoned inductive vi<‘W of the future that will serve 
us in politics, in morals, in social contrivances, and in a thousand 
spacious wavs. And even those who take the most extreme and per- 
sonal and melodramatic vi('w of th(> ways of liuman destiny, who see 
life as a tissue of fairy godmother births and accidental mec'tiugs and 
promises and jealousies, will. I suppose, admit tlu'n' conies a limit to 
these things — that at last personality dies away and the grcatc'r foi’ces 
come to their own. The great man, however great he Ihu can not set 
back the whole scheme of things: what he does iti right and reason 
will remain and what In' does against the gn-atei- creativi' forces will 
perish. can not fon'see him; h't us grant that. His personal 

did'erence, the splendor of his etfect. his dramatic arrangement of 
events will lie his own — in other words, we can not estimate for acci- 
dents and accelerations and delays — Init if only we throw our wi-b of 
generalization wide enough, if only we spin our rope of induction 
strong enough, the tinal result of the great man. hi' ultimati' surviving 
conse(|uences, will come within our net. 

Such. then, is the sort of knowh'dge of th.e future that 1 believe is 
attainable and worth attaining. I Ixdieve that the didiberati' direc- 
tion of historical study and of economic and social study toward the 
future, and an increasing refermice. a deliberate and courageous ref- 
erence. to the future in moral and religious discussion, would bi' <>nor- 
niouslv stimidating and enormously profitable to our intellectual life. 
I have done my best to suggest to you that such an enterprise is now 
a serious and practicable undertaking. Ifut at the risk of repetition 
I would call your attention to the essential diti'erence that must always 
hold between our attainable knowledge of the future and our existing 
knowledge of the past. The portion of the past that is brightest and 
most real to each of us is the individual past — the jiersonal memorv. 
The portion of the future that must remain darkest and haist acces- 
sible is the individual future. Scientific })ioplu‘cy will not be fortune 
telling, whatever else it may be. Those e.xcellent people who cast 
horoscopi's, those illegal fashionable palm-reading ladies who abound 
so much to-day, in whom nobody is so foolish as to belit'v e, and to 
whom evervbodv is foolish enough to go. need fear no competition 
from the scientific jirophets. The knowledge of the future we may 
hope to gain will be geia'ral and not individual; it will be no sort of 
knowledge that will either hamper us in the exercise of our individual 
free will or relieve us of oui' pei-sonal resjioiisibility. 

And now. how far is it possilile at tin* present time to speculate on 
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the j):irticular outline the fiittii’e will assume when it is investigated in 
this way 1 

It is interesting, hetore wo answer that (jiiestion. to take into account 
the speculations of a certain sect and culture of people who ali'cady, 
before the middle of last century, had set their faces toward the 
future as the justifying- explanation of the present. These were the 
positivists, whose position is still most eloquently maintained and dis- 
played by ^Mr. Frederic Harrison, in spite of the g-reat expansion of 
the human outlook that has occurred since Comte. If you read Mr. 
Harrison, and if you are also, as I presume 3-our presence here indi- 
cates. saturated with that new wine of more spacious knowledge that 
has been given the world during the last tifty years, you will have 
Im'imi greatly impressed by the peculiar limitations of the positivist 
conception of the future. So far as I can gather, Comte was. for all 
practical ])urposes, totally ignorant of that remoter past outside the 
past that is known to us by histor\'. or if he was not totally ignorant 
of its existence, he was. and conscientiously remained, ignorant of its 
relevaiu'y to the history of humanity. In the narrow and limited past 
he recognized men had always been like the men of to-day; in the 
future he could not imagine that they would l)e anything more than 
men like the men of to-da}'. He perceived, as we all perceive, that 
the old s(x-ial order was breaking up, and after a richly suggestive and 
incomplete analysis of the forces that were l)reaking it up he set him- 
self to plan a new static .social order to replace it. If you Avill road 
Comte, or, what is much easier and pleasanter, if you will read i\Ir. 
Frederic Harrison, you will find this conception constantly apparent — 
that there was once a stable condition of society with humanity, so to 
speak, sitting down in an orderly and respct-table manner: that 
humanity has been stirred up and is on the move, and that tinally it 
will sit down again on a higher plane, and for good and all, cultured 
and happy, in the reorg-anized positivist state. And since he coidd 
sec' nothing beyond man in the future, there, in that millennial fashion, 
Comte had to tnid. Since he coidd imagine nothing highm- than man, 
he had to assert that humanity, and particularly the future of humanity, 
was the highest of all conceivable things. 

All that was perfectly comprehensible in a thinker of the first half of 
the nineteenth century. But we of the earl \' twentieth, and particu- 
larly that growing majority of us who have l)een born since the 
Origin of Species was written, have no excuse for any such limited 
vision. Our imaginations have been trained upon a past in which the 
past that Comte knew is scarce!}' more than the concluding moment. 
M e perceive that man, and all the world of men, is no more than the 
present phase of a development so great and splendid that beside this 
vision epics jingle like nursery rhymes, and all the exploits of humanity 
shrivel to the proportion of castles in the .sand. Wo look btick through 
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countless millions of years and see the jrreat will to live struggling- out 
of the intertidal slime, struggling from shap(' to shape and from ])ower 
to power, crawling and then walking contidently upon the land, strug- 
gling generation after generation to mash'r the air. creeping down 
into the darkness of the deep; we see it turn upon itself in ragi' and 
hunger and reshape itstdf aitew; we wat<-h it draw nearer and more 
akin to us, expanding, elahorating itself, pursuing its relentless, incon- 
ceivable purpose, until at last it reaches us and its ])eing lands through 
our brains and arteries, throbs and thunders in our batth' ships, roars 
through our cities, sings in our music, and llowers in our art. And 
when, from that retrosja'ct, we tui'ii again toward the future, surely 
any thought of tinality. any milletinial settlement of cultured ])ersons. 
has vanished from our minds. 

This fact that man is not final is the great unmanageable, disturbing 
fact that rises upon us in the .scientific di.scovcry of tlie futiu-e. and to 
my mind, at any rat(', the ([uestion what is to come after man is the 
most piu-sisti'iitly fascinating and the most insolubh' ((uestion in the 
whole world. 

Of course we have no answer, .'^uch imaginations as wi> have i-cfuse 
to I'ise to the task. 

Hut for the nearer future, while man is still man. there ar(‘ a few 
general statements that seem to grow mon' certain. It seimis to be 
pretty generally iK'TK'ved to-day that our dense populations ar(‘ in the 
opening phase of a process of dittusion and aeration. It seems ])retty 
inevitable also that at least the mass of white population in the world 
will be forced some way up the .scale of education and j)ersonal eiliciency 
in th(' next two or three decades. It is not difficult to collect reasons 
for supposing — and such reasons have been collcctcMl -that in tlie inair 
futuR'. in a coui)le of hundred years, as one rash optimist has written, 
or in a thousand or so. humanity will be delinittdy and consciously 
organizing itscdf as a great world state — a great woi ld state that w ill 
purge from itself much that is mean, much that is be.stial. and much 
that makes for indiviilual dullne.ss and dreariness, grayness and 
wretchedness in the world of to-day; and although we know that 
there is nothing final in that w'orld state, although we see it oidy as 
something to be reached and pa.s.sed. although we are sure there will 
be no such sitting down to restore and perfect a culture as the posi- 
tivists forctt'll. vet f(’W' pt'oph' can j)ersuade themselves to see anything 
beyond that except in the vaguest and more general terms. That 
world .state of more efficient, more vivid, beautiful, and eventful pmple 
is. so to speak, on the brow' of the hill, and we can not .see over, though 
some of us can imagine great uplands beyond and something, .something 
that glitters elusively. taking lir.st one form and then another, through 
the haze. We can see no detail, we can see nothing definable, and it 
is simph . I know, the sanguine necessity of our minds that makes u.s 
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l)('licv(' those uplands of th(> future are still more o-racious and splendid 
than we can either hope or imagine. Hut of things that can be demon- 
strated we liave none. 

Yet 1 suj)pos(> most of us entertain certain necessaiy persuasions, 
without wliich inoral life in this world is neither a reasonable nor a 
possible' thing. All this pnper is built tinally upon certain negative 
beli('fs that art' incapable' e)f scientific establishment. Our lives and 
peeweTs are limite'd, eeur sce)pe in space' and time is limited, and it is 
ne)t unreasonable' that feer fundame'ntal be-liefs we must go outsiele the 
sphere eif reason and se't our foot upon faith. Implicit in all sue'h 
spe'e-ulatioiis as this, is a ve'rv definite and quite arbitrary belief, and 
that be'lie'f is that neither humanity nor in truth any individual human 
being is living its life in vain. And it is entirely by an act of faith 
that we' must nde out of our forecasts certain possibilities, certain 
things that one' may e-onsider improbable' and against the chances, but 
that ne) eene' u[ie)n scientific grounds can call impossible. One must 
admit that it is impossible' to show why certain things should not 
utte'i'ly destroy and e'ud the entire human race and story, why night 
should not jeresently come down and make all our dreams and 
etl'orts \ ain. It is conceivable, for example, that some great unex- 
pected mass of matte'!' should presently rush upon us out of space, 
whirl sun anel planets aside like dead letives before the bret'ze, and 
collide with and uttei'ly destroy every spark of life upon this earth. 
So far as peesitive human knowledge goes, this is a conceivalely possible 
thing, 'riiere is imthing in science te» show why such a thing should 
not be'. It is conceivabh'. too. that some pestilence may presentlj- 
appear, senne new disease, that will destroy, not 10 or 15 or ^0 per 
cent e)f the' earths' inhabitants as pestilences have done in the past, but 
loo pe'i- e'cnt, anel see enel our race. Ne) one. speaking from scientific 
grounds alone', e-an say, d’hat ciin not be. And no one can dispute 
that seeme' gre'at dise'ase of the atnmsphei'e. senne trailing e-ometary 
pe)ise)n. seaiic gre'at e'lnanatiem of vapor from the interior of the earth, 
siu'li as NIr. Shiel has made' a brilliant use' of in his '■Purple Cloud," 
is e enisiste-nt with every elemeenstrate'd fae-t in the world. There may 
arise' new animals te) pre-y upeen us by land and sea, and there may 
e-ome seeme elrug or ei wrecking madness into the minds eef men. And 
tinally. the'ie- is the rease)nabie' e-ertiunty that this sun of ours must 
seeme' diiy radiate itself towarel e'xtine-tiem; that, at h'ast, must happen: 
it will gre)w ceieeler and ceeeelcr. and its plane'ts will reetate' ever more 
sluggishly until seeme' elay this e-arth eef e)urs, tide'less and sle)W moving, 
will be desed and fi-eezcn. anel all that has lived upeen it will be' fre)zen 
e)ut and denie with. There surely man must e'nel. d'hat e)f all such 
nightmare's is the' meest insiste'iitly coiwine'ing. 

And ye't e)ne' deecsn't be'lie've' it. 

.Vt h'ast 1 de) ne)t. .Vnel T dee ne)t be'lie've' in tlu'sc things be'e'ause 1 
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have come to believe in certain other thino’s — in the coherency and 
purpose in the world and in the greatness of human destiny. Worlds 
may freeze and suns may perish, hut th.ere stirs somethino' within us 
now that can never die ayain. 

Do not misund('i'stand me when 1 speak of tin' e-reatness of human 
destiny. 

If I may speak ([uite openly to you. 1 will confess that, considered 
as a final product. 1 do not think vi'ry much of mysedf or (sax ini>- your 
presenc(') my f(dlow-creatures. I do not think I could possibly join 
in the worship of humanity with any eravity or sincerity. 'I'hink of 
it. Think of tlu' positive facts. d'hei’C' are suredy moods for all of us 
xvhen one can feel Swift's amaziunent that siudi a beiiiLf should (had in 
pride. Tlnu’c ai’c moods when one can join in tin' laiie'htx'r of Ih'inoc- 
ritus; and tlu'v would conn' oft('ner wc're not the spectach' of human 
littleness so abundantly shot with pain. Hut it is not oidy with pain 
that tin' world is sliot -it is shot with ])romis('. Small as our vanity 
and carnality maki's us, tln'ia' has tx'cn a day of still sinalh'r thintfs. 
It is the lony ascent of the past that e’ivcs the lie to our dt'spair. IVe 
know now that all the blood and [xassion of our life was represented 
in the (.’arboniferous time by soinethine- — somethinj;-. ]M'rhaps. cold- 
blood('d and with a clammy skin, that lurked Ix'twet'u air and wati'r. 
and til'd before the. niant amphibia of those days. 

For all the folly, blindness, and pain of our lives, we have come 
somt' way from that. And the distance we have travi'h'd j>'ives us 
some earnest of the way we have yet to <>o. 

Why shoidd thines cease at man i Why should not this I'isinu curve 
rise yet more steejily and swiftly! There are many thine-s to suggi'st 
that we are now in a phase of rajxid and unjU'Cccdented development. 
The conditions luuh'r which men live are changini;' with an ever- 
increasing rapiditv. and. so far as our know ledge goes, no sort of 
creatures have ever lix ed under changing conditions w ithout under- 
going the })rofoundest changes theniselvi's. In the jiast century there 
was more change in the conditions of human life than there had been 
in the previous thousand years. A hundred years ago inventors and 
investigators were rare scattered men. and now invention and innuirv is 
the work of an organized army. This century will see changes that 
will dwarf those of the nineteenth century, as those of the nineteenth 
dwarf those of the eighteenth. One can see no sign anywhere that 
this rush of change xvill be over ixre.sently. that the positivist dream of 
a social reconstruction and of a new static culture phase w ill ever be 
realized. Human society never has been ipiite static, and it will pres- 
ently cease to attempt to be static. Kverything seems pointing to the 
belief that we are entering ui)on a progre.ss that will go on. with an 
ever widening and ever mort' confident stride, forever. Lhe reorgan- 
ization of socii'tv that is going' on now beneath the traditionid appear- 
ance of things is a kinetic reorganization. We are getting into 
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iniirchiny- order. AVe liiive struck our camp forever and we are out 
upon tlie roads. 

We ar(' in the hegiuTiing of tlie j^reatest change that humanity has 
ever undergone. There is no shock, no epoch-making incident — l)ut 
then there is no shock at a cloudy da^'break. At no point can we say. 
Here it commences, now; last minute was night and this is morning. 
Hut insensildy we are in the day. If we care to look, we can foresee 
growing knowledge, gi’owing order, and presently a deliberate improve- 
ment of the ])lood and character of the race. And what Ave can see 
and imagine gives us a measure and gi^'cs us faith for what surpasses 
the imagination. 

It is })ossible to believe that all the past is })ut the beginning of a 
l)eginning. and that all that is and has l)een is but the twilight of the 
dawn. It is possitile to believe that all that the human mind has ever 
accomplished is Imt the dream )>efore the awakening. We can not see. 
tlnu'c' i' no need for us to see. what this world will be like when the 
day has fully come. We are creatures of tin' twilight. But it is out 
of'our race and lineage that minds will si)ring. that Avill iH'ach back to 
us in our littleness to know us bettc'r than we know ourselves, and 
that Avill reach forward fearlessly to compi-ehend this future that 
defeats our eyes. .\11 this world is heavy with the promise of greater 
things, and a day will come, one day in the unending succession of 
days, when beings, Iteings who are now latent in our thoughts and 
hidden in our loins, shall stand upon this earth as oin' stands upon a 
footstool, and shall laugh and reach out their hands amidst the stars. 
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ArPAUKNT 1)IFFKKKN(’KS HETWEKX T.IVIN(J AND lUUn'K BODIES - THE 

TWO KIN<IIM)MS. 

That there should he any essential similarity ht'tween an inanimate 
object and a livino' beino- seems at first impossible. Wliatrc'semblances 
can be discovered between a stone, a lion, and an oakt A comparison 
of the inert and immovable peblde with the ainmal that bounds and 
the plant that each year ('xtends its folia, <;e give.s an impression of 
strono' contrast. Betwi'cn the orijanie and th(“ inorganic worlds is an 
apparent aby ss. 

The first impressions w(' receive contirm this view: superficial studies 
furid.sh arguments for it. There is thus created in the mind of the 
child, and later in that of man, a sharply markcal distinction lietwi'cn 
the natural objects of the mineral kingdom on tin' one hand and those 
of the two kingdours of living beings on the other. 

But a more intimate knowledge tends every day to throw doubt 
upon the strictness or absolute character of such distinction. It shows 
that gross or brute' matter can no longer be phu'cd on one' side and 
living be'ings on the other. Scientists deliberately speak of "the life 
of matter," whicli sce'ins to the iminstructed a contradiction in terms. 
They discover in certain classes of mineral bodie.s almost all the attri- 
butes of life. They find in others fainter, yet recognizable, indications 
of an undeniable relationship. 

We propose to pa.ss in review the-se analogii's and re.semblanees, as 
has already been done in a fairly complete manner by HH. Leo 
Errera. Ch. Pkl. (niillaume. L. Bourdeau, Ed. Grill'on. and others. 
We will take as guides the excellent studies of Rauber. of Ostwald, 
and of Tammann upon crystals and crystalline germs, studii's which are 
merely a continuation of those of Pasteur and of Gi'I'ik'z. These 
show that crvstalliiR' bodies are endowed with the principal attributes 
of living beings — that is to .say. with a definite form, an apitude for 
aciiiiiring it, and for reestablishing it by repairing mutilations ‘that 

"Translated fnnii ‘'l.a \ie de la niatiere” in Revue des Beux Moirles, Pans, 
< >cti)her E), 1902, after revision ami extension bv Protessor Bastre. 
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ma}" bo infiictofl upon it: a nutritivo incroaso in size at the expense of 
the mother li(pior which constitutes its cultuiH' medium; tinally, a still 
more incredible property, all tin' chai'acteristics of reproduction by 
generation. Other curious facts ol)s('rved by skillful physicists — 
W. Roberts- Austen. \V. Spring, Stead. Osmond. Guillemin, Charpy, 
Ch. Ed. Ouillaume — >how that the immutability and immoliility of 
bodies suppost'd to be the mo>t rigid, such as glass, the metals, steel, 
and brass, are oidy false appearances. Beneath the surface of the 
metal that seems to us inert there is struggling a swarming population 
of molecules that displace each other, move about, and arrange them- 
selves .so as to form detinit(' tigures, taking on forms adapted to the 
conditions of the ('iivironment. Sometimes it is years before they 
arrive at a stat(' of ultimat<‘ and final eipiilibrium which is that of 
et('rnal ri'st. 

llowi'ver, in order to understand these facts and tlu'ir interpreta- 
tion it is necessarv to recall the fundamental charactc'iistics of li\ ing 
bt'ings. These are [)rc‘cis('ly the oik's which it is beli(>ved have been 
found in inanimate matter. 

1 . 

UNIVEItSAt. LIFK— < H’lXFoNS OF THE ITIILOSOPlIintS AND POETS. 

1. PIUMITTVK HEI.IF.Fs: IDF.AS OK ITl F, l’( )ETS. 

The teaching' of sciema' regarding' tin' analogii's between brute 
bodies and living bodies accord with the conceptions of the philo.so- 
phers and the fancies of the poets. The ancients conceived that all 
bodic's in nature, lioth living and inert, were the constituent parts of 
a universal organism, the macrocosm, which they compared to the 
human microcosm, dluyv attributial to it a pi inciple of action, the 
pxijchr, analogous to the vital principle, which directed phenomena, 
and an intelligent principle, the analogous to the soid. which 

comprehended them. This univer.sal life or this universal soul played 
an important part in their metaphysical system. It was the .same 
with the poets. Tlieir tendency has always been to animate nature 
for the j)urpose of bringing her into harmony with our thoughts and 
feelings. Tlu'v seek to discover the life or soul hiddt'u at tin' bottom 
of things. 

I.ist to tlu- voices. Evervthinf; has voice. 

tViiicl--, waves, anil tfaincs, tree', reeiis, anil rocks rejoice. 

Tliey live, imlceil, each thino instinct witli soul. 

After making proper tillowance for emotional exaggeration, ought 
we to consider these idetis as the ])rophetic diviiuition of ti truth which 
science is only just beginning to dimly perct'ivt'l Not at all. As 
Kenan has said, this universtil animism, instetid of being ti product of 
retined reflection, is merely a legacy from the most primitive of men- 
tal processes, a lemnant of conceptions belonging to the childhood of 
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humanity. It recalls the time when men conceived external thing’s 
only in terms of themselves, whim they made from each object of 
nature a living lieing. Thus they personified the sky, the earth, the 
sea. the mountain, the rivers, the fountains, and the fields. The}’ 
likeru'd to animate voices tin' murmur of the forest: 

w * Tlu* oak an«l tlu‘ birch 

Is w hisporin.i!:. * 

AikI the liccch imirimirs. Then* arc vtiico ht\\ 

Lo: t ill tlu* \\ino\\ V shiver, sli.irlit, half-heard: 

\\'hil(‘ the lon(‘ piiu* tnM* moans some mystic word. 

For primitive man. as for tlni poet of all tinu's. evervthing- is alive, 
and every voice, every noise, is the cxjircssion of the activitv of a 
livinf^ being- who has feelings similar to our own. The sighing of the 
breeze, the moan of the wa\e upon the strand, the babbling of the 
brook, the roai'ing of the sea. and tin' pi-aling of tlu' thunder are 
nothing h'ss than saa. joyous, or angry, living voices. 

These im]U'es-,ions wc-re ('lubodied in a mythology who.se, ph'asing 
features can not conceal its inadeipiacy. 'I'lien fln-y passed into phi- 
lo.sophy and approached the lii'ld of science. Thah's believed that all 
bodies in nature were animaft' and living. Origi'ii considered all the 
stars as actual beings. Even Kepler himself endowed w itli animate 
life all the bodies of nature. lie especially attributed t,. the celestial 
bodies an interior principle of action, which, it may be said in passing, 
is contrary to the law of the inertia of matter, w hich lias wrongly been 
ascribed to him to the detriment of Calileo. T'he terrestrial globe 
was. according to him. a great animal, sensitive to astral intluence.s, 
frightened at the approach of other planets, and manifesting its terror 
by temjM'sts, hurricam's, and earth(|uakes. The wonderful dux and 
redux of the ocean was its breathing. The earth had its blood, its 
perspiration, its excretions; it also ha<l its foods, among which was 
thi' sea water which it absorbed by numeixnis channels. It should be 
said that at the end of his life Ki'ph'r retracted these vague dreams, 
ascribing them to the induence of .1. C. Scaliger. He explained that 
bv the .soul of the celestial bodies In* meant nothing but their motive 
force. 

li. OnXIOX OF TllF. I'Hir.OSOl'HKltS. 

Tru nuif ion fi'oiii In'iiti to 1 1 1 'l m/ Imh! n -s. — 1 he lowering- of tiie barrier 
between brute bodies and living bodies began w ith tliosi' philosophei's 
W'ho introduced into the world the great prim-ipics of continuity and 
evolution. 

Tlu- jyri)i(‘ij^)li ofiontiiiniiij. — Among these Leibnitz shoidd bejdaeed 
first. According to the doctrine of that illustrious philosopher, as 
interpretc'd bv M. Fouillce. •■tln-re i-- no inorganic kingdom; only a 
gri'at organic kingdom, of whi(-h mineral, vegetabh'. and aidmal forms 
are the various development-. " Continuity exists everyw here 



396 


THE LIFE OF MATTER. 


throughout the world, and life, together with organization, also exists 
everywhere. Nothing is dead; life is universal." Tt results from 
this that there is no interruption or break in the succession of natural 
phenomena: that everything develops gradually, and. tinally. that the 
origin of the organic being must be .><ought in the inorganic. Life, 
properlv so called, has not in fact always existed on the surface of the 
globe. It appeared there at a certain geologic epoch, in a purely 
inorganic medium, by reason of favorable conditions. The doctrine 
of continuity obliges us. however, to admit that it preexisted there 
under some rudimentary form. 

The modern philosophers who are imbued with the same principles. 
i\Ii\I. Fouillee. L. Bourdeau. and A. Sabatier. expre:s themselves in 
terms like those of Leibnitz. “ Dead matter and living matter are not 
two absolutely different entities, but i-epresent two forms of the same 
matt('r. differing only in degree, sometimes but very little." When 
there is only a question of degree it can not be held that there is an 
opposition. We ought not to take inequalities for contrary attrifmtes, 
renewing here the error that leads the vulgar mind to con.sider heat 
and cold as objective states qualitatively opposed to each other. 

( 'out in nifij hi/ triin.fifiim . — The reasoning which induces us to remove 
the barrier between the two kingdoms and to consider that minerals 
are endowed with a sort of rudimentary life is the same as that which 
obliges us to admit that there is no fundamental diti'erence ])etween 
other natural phenomena. There are transitions between that which 
lives and that which does not, between the animate being and the 
brute l)ody. There are even such transitions between that which 
thinks and that which does not think, between thought and no thought, 
between the conscious and the unconscious. This idea of insensible 
transition, of continuous passage between apparent opposites, raises, 
at tirst. insurmountable resistance in minds not prepared for it by a 
long comparison of facts. It is .slowly realized and at last accepted 
bv those who. in the world of things, follow the infinity of gradations 
which natural ])heuomena present. The pidnciple of continuitv comes 
at last to constitute, as one may say, a sort of mental attitude. The 
man of science may, then, be led, like the philosopher, to entertain the 
idea of a rudimentary form of life that animates matter. He may, 
like the philosopher, be guided by this idea; ho may attribute a priori 
to brut(‘ matter all the really e.ssential (jualities of living beings. But 
this must be on the condition that he must afterwards demonstrate 
the.se attributed (puilities by means of observation and experimenta- 
tion. He must show that molecules and atoms, far from being inert 
and dead masses, are in reality active elements, endowed with a sort 
of inferior life, which is manife.sted by all the mutations that are 
ot)served in l)rute matter: by attmetions and rejiulsions, ))y move- 
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ni('Tits in response to exterior stiimilatioius, bj' variations in state and 
of eciuililirium; bnallj’, bj' the .systematic methods by which these 
elements group themselves, conforming to definite t3'pes of structure 
and producing different species of chemical compounds. 

Contiintitij hy Kidiniidfiiin . — The idea of summation leads liv another 
wav to the same result. It is another form of the principle of con- 
tinuity. A totality of effects, obscure, and indistinct in themselves, 
produces a phenomenon appreciable, perceptible, and distinct, seem- 
inglv heterogeneous in its components without, however, being so. 
The manifestation^ of atomic or molecular activity thus become, 
manifestations of vital activity. 

This is another consequence of the Leibnitzian doctrine. For, 
according to that philosophical doctrine, indiviilual consciousness, like 
indi\ idual life, is th(> colh'ctive expre.ssion of a multitude of eli'inentaiT 
lives or consciousnesses, inappreciable because of their low degree, 
and the read iihcnonienon is found to be the' sum, or rather the integral, 
of all these insensible effects. The elementary consciousnesses arc 
harmonized, uniffed. integrated in an effect that bcc-omes manifest, in 
the same wa^' as "the noises of waves, not one of which would be 
heard if by itself, yet, when united together and perceived at the same 
instant, become the resounding voice of ocean." 

Iddhs of the plnhiKiip}u'i')< dd to fit-dsihility end r<id-'<clotfxd.i't<x in hrnte 
hodlrx . — The philo-^ophers have gone still further in the wav of analo- 
gies, and Inn c recognized in the play of th<' forces of brute matter, 
particular!}’ in the play of the chemical forces, a humble rudiment of 
the appetences and tendencies that regulate, in their oj)inion. the func- 
tional activity of living beings — a trace, as it were, of their sensibility. 
The reactions of matter indicate, in their e\ es. the e.vistence of a sort 
of hedonic con.sciousness. that is to say, a consciousness reduced simpU' 
to apprehension of distinction between well-being and its opposite, a 
desire for good and repulsion from harm, which they suppose to be 
the universal principle in the activity of things. This was the opinion 
of Empedocles in antiquity, it was that of Diderot, of Cabanis, and. in 
general, that of the modern materialistic .school, eager to ffnd. even in 
the most degraded represimtatives of the inorganic world, the first 
traces of the vitality and intellectual life which blossoms out at the 
top of the living world. 

Similar ideas are clearh’ apparent in the early histoiy of all natural 
sciences. It was this same principle of apix'tition. or of love and 
repulsion, or hate. that, under the names of affinity, selection, and 
incompatibility, was thought to direct the mutations of bodies at the 
time of the origin of chemistry; when Boerhaave, for example, com- 
pared chemical comiffnations to voluntary and conscious alliances, in 
which the respective' elements, drawn together by sympathy, contracted 
appropriate marriages. 
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(n iici'iil i>ri nn pic <>t ilf liiinioijcnri tlj nf fhc romptlc.c dud cidt.dif- 

iii id-'t . — "Pho :is^.iinil!itioii of ))mte boclio.s to living bodios, and of the 
inorganic kingdom to the oi-ganu*. was, in the mind of those philoso- 
pher.'-, the natural consequence of positing’ a priori the principles of 
continuity and e\’olutiou. There is. however, a principle underlying- 
thes(‘ ]irinci])les. 

Phis pi’inciple i^ not ('Xju’e.^sed in an explicit manner by the philos- 
opher.-': it i' not formulated in precise terms, but is more or les.s 
unconsciously imi)lied: it is everywhere applied. It. however, appears 
clearly behind their apparatus of philo.sophical reasoning. It is the 
affirmation that no arrangi'inent or combination of elements can put 
forth any new acti\ ity essentially different from the activities of the 
elements of which it is composed. iMan is a li\ ing’ clay. s:iv Diderot 
and t'al)anis. and. on the other hand, he is a thinking being. As it is 
impossil)l(‘ to produce that which thinks from that which doi's not 
think, the clay must possess a rudinu'nt of thought. But is there 
not another alternati\'e i May not tin' new phenomenon, thought, be 
the effect of the arrangement of this clay i If we exclude this alterna- 
ti^■(* we mu't then consid(>r that arrangement and organization are 
incai)able of producing in arranged and organized matter a new prop- 
erty different from that which it pre.simted l)efore such arrangement. 

Living protoplasm, says anotlu'r. is merely an assemblage of brute 
elements: "these brute elements mu.st. ther('fore. possess a rudiment 
of life." 'Phis is the .same implied sui)po.sition which w(' have just con- 
.sidered; if life is not the ba.sis of each element it can not result from 
their simple assenihlage. 

Man and animals are comliinatioiis of atoms, says INI. Le Dantec. It 
is moi’e natural to admit that human consciousness is the result of the 
elementary consciousnesses of the constituent atoms than to consider 
it as resulting from mere eotistruction derived from elements destitute 
of any trace of (a)nsciousness. " Life.” .says Haeckel, " is universal; 
we could not conceivt' its existence in detinite aggregates of matter if 
it did not belong to their constituent eh'inents." This time the postu- 
late is almost expressed. 

'Phe reasoning is always the .same; there are even the same words; 
the fundamental hy[)othesis is the .same; only it remains more or less 
unexpressed, more or less uin)erceived. It may be stated as follows: 

Arrangement, assemblage, construction, and aggregation are pow- 
erless to develop, in a complex, anj’thing new, essentially heterogeneous 
to what alnai ly exists in tin- elements. Ueci})rocally. grouping brings 
out in a comph'x a property which is the gradual development of an 
analogous propc'rty in the (‘lenu'iits. It is in this sense that there 
exists a collectives soul in crowds, of which the manib'stations have 
been set forth by INI. (I. Le Bon. In the same' way many sociologists, 
adopting the idea advanced ley B. d(> Ijilienfeld in Isd.j, attribute to 
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nation.-; a certain formal individuality, following the type of that po.s- 
.sc^^sed by each of their constituent members. M. Izolet consider.s 
society as an organism, which he calls a “hyperzoai'y.'' Herbert 
Spencer has developed the com])arison of the collective organi.sm with 
the individual organism, insisting on its resemblances and difference's., 
Th. Ribot has dwelt ('specially on the resemblama's. 

The postulate that we have' clearly stated here is understood as an 
axiom by many minds. Ihtt it is not an axiom. In saying that there 
is nothing in the complex tlnit can not be found in the [)arts the'v think 
they are expressing a se'lf-evident truth: they are', in fact, me'rely stat- 
ing an hypothesis. That arrangement, aggregation, and complicated 
and skillful grouping of cleme'uts can ])roduc(' nothing really ne'W in 
the' orde'i' of phenomcmi is an assertion that needs to lee' N critied ineach 
particular case'. 

Thf pi'i nf ! pi ‘ nf cdiif m n li ij. k no uf flu jii'i rt-i! / n<l -\jv{ WH 

ajeiely this principle to orgiinize'd be'ings. .VII be'ings in natui’e' are 
actually an-auge'me'nts. aggre'gate's. or gromeings of the' same' unive'rsal 
matter: that is to stiy. of the' same' simple' che'iuical bodie's. It i-e'sults 
from the jereceding postulate' that the'ir acti\ iti('s can differ only in 
degree and form, 'and not fundamentally. There is me e'sse'utial ditl'e'r- 
ence of nature between the activitie's of Narieevts categeerie's eef be'ings, 
no heterogeneity, no (.liscuntinuity. We' may pass freem eene' tee aneether. 
encountering no hiiitus eer impas.-abh' gulf. The' law of ceentinuit}- 
thus appears as a simple' cceiiseeiucnce' of the fundamentid postidfite: 
and so is the bnv eef eveelutieen. feer e'eeehitieen is me'ie'iy ceentiimity in 
action. 

Such are' the eerigins eef the' philoseepldcid doctrine' which uni ve'rsalizes 
life and extends it tee all beedie's in nature'. 

It may be' re'marke'd that this deectrine' is met eeentine'd tee any jrartic- 
ular school or sect. Leibnitz was met at all a materialist, and e'udeewe'd 
his mundane elements, his meenads. met eenly with a seert eef life, but 
even with a sort of seeiil. Father llosoew ich. though he' was a Jesuit 
and a professeer in the Colh'ge eef Reemc. did met elcny to his indivisible 
points a spe'cies of infe'rieer \ itality. St. Thomas, too. the angelical 
doctor, ace-ording to iVI. (Tardair. acceerde'd to ineuiimatc substances 
a certain kind eef activity, native' inclinations, nml a real appetition 
toward certiun acts. 

11 . 

OKKHX eeF IHtl'Ti: MATTEB IN I.IVINe. MATTElt, 

T here sheeuld be' twee wax s eef preeving the' deectrine' of the essential 
identitv eef brute matter and living matte'r -eene slower and more 
laborieeus. the eethcr more' rapid ami decisive. 

Idcnf ifiraf inn uf tin tn-u inijfti i‘!>. ii n(l 1 1 1'l mj . — I he' labeerious 

method, that which we' shall be eebliged to follow, consists in examin- 
ing attentivelv the various activitie's by which life is manifested and 
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attein})tiii,y to tiiul iiun'e or less erude equiv alents for them in brute 
bodii's or in eertain of them. 

I'erijirutiim — ^jmititmons (jeiundam . — The mpid and deri- 
sive method, which unhappily is beyond our resources, would consist in 
shovvino- unijiiestionable, clearly marked life, the superior life, arising 
from the kind of inferior life that is attributed to matter in general. 
It would only be necessary to completelv' construct in all its parts, bv’ 
a suitable combination of inorganic materials, a single living l.eing, 
even the humblest plant or the most rudimentary animal. This would 
indeed be an irrefutable proof that the germs of all vital activity are 
contained in the molecular activity of brute bodies and that there is 
nothing essential to the. latter that is not found in the former. 

rnluqvpily this demon.stration can not Ixi given. Science furnishes 
no examph' of it. and we are forced to have recourse to the slow method. 

The (juestion here involved is that of spontaneous generation. It is 
well known that the ancients believed in spontaneous generation even 
for animals high in the scale of organization. According to \hin 
Ili'lmont. mice could be born by some incomprehensible fermentation 
in .dirty linen mixed with wheat. Diodorus .speaks of animal forms 
which were seen to emerge partiv' developed from the mud of the Nile. 
Aristotle believed in the spontaneous birth of cerhiin tishes. Rejected 
as to the higher forms of animals, this belief was for a long time held 
with regard to the lower ones, such as bees, which the shepherd of 
Virgil saw coming out from the flanks of the diaid bullock: such as 
flies engendered in putrefying meat; such as fruit worms and intestinal 
worms; tinally with regard to infu.soria and the most rudimentary 
vegetables. The hypothesis of spontaneous generation of tin' living 
being at the expense of the materials of the environment has been 
succe.ssively driven from one classiticatory groiq) to another. The 
history of the sciences of observation is also a history of the defeats 
of this doctrine. Pasteur gave it the tinishing stroke when he showed 
that the simplest micro-organisms obeyed the general law' which 
deehirc's that a living being is formed only by tiliation; that is to .say, 
by the intervention of a preexisting living organism. 

Sji/)i(f(Uiiiiiis (ji hrrut 11)1) iriis nn tqn><<nh‘ m tin; luxtonj dT tin' ijlnh ( . — 

d’hough we hav(' been unable to efl'ect spontaneou.-' generation in the 
present time, it has been put back, by Haeckel, into a more or less dis- 
tant past, to the moment when the cooling of the globe, the sollditica- 
tion <d' its crust, and the conden.sation of atpieous vapor upon its sur- 
face created conditions comivatible with the existence of living beings 
similar to tho.se with which we are aciiuainted. Loi'd Kelvin has fixed 
these geologic events as occurring from twenty to forty millions of years 
ago. Then circumstances became propitious for the appc'arance of the 
first organisms whi'nee wi're successively derived those which now 
people the earth and the waiters. 
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Circumstances favorable to the appearance of the first beings appar- 
ently occurred ouh' in a far distant past, but the greater number of 
physiologists admit that if we knew exactly these circumstances and 
could reproduce them, we might also expect to produce their effect, 
which would be the creation of a living being, formed in all its parts, 
tleveloped from the inorganic kingdom. For all those who think thus 
the impotence of experimentation at the present time is purely pro- 
visory. It is comparable to that of primitive men. befoi'c the time 
of Prometheus, who not knowing how to ])roduce tiro, could only get 
it bv transmitting it from one to another. It depends upon the insuf- 
ticiencu- of our knowledge and the weakness of our means: it does not 
establish the inherent impossibility of accomplishing the matter in 
rpiestion. 

( '(Diti'iinj Ion — Li f(‘ ilid not oi'i<jln<it< on our tjlohr. — But all biolo- 

gists do not share this view. Some, and not the least among them, hold 
it to be an establi.'lu'd fact that it is impossible, for life to arise from a 
concurrence of iuorganii' materials and forces. This was the opinion 
of the eminent botanist. Ferdinand Cohn; of tht' Saxon physician. H. 
Richter, and of IV. Preyer. a physiologist well known from his noted 
re.searches in biological chemistry. According to these scientists life 
on the surface of the globe can not have been occa.sioned by reactions 
of brute matter and tht'. forces that continue to dominate it. 

.Vccording to F. Cohn and H. Richter life has had no beginning 
on our planet. It was transported to the earth from another world, 
or from the cosmic environment, under the form of cosmic germs, or 
ooxniozoon^. more or less comparable to the living cells with which we 
are acquainted. They may have made the journey either included in 
meteorites or floating in space in the form of cosmic dust. The doctrine 
in cpiestion has been presented under two forms, the hypothesis of 
meteoric eosmozoans, due to a French wiiter, the Count de balles- 
(luyou. and that of cosmic panspermia, advanced in ls<!5 and 1872 by 
F. Cohn and H. Richter. 

Jhipothial^ of' iJo comnozon nx. — 1 he hypothesis of the cosmozoaus, 
living particles, protoplasnuc germs emanating from other worlds and 
reaching the earth by means of stones falling from the sky, is due to a 
French writer. Count de Salles-Guvon. It is not so destitute of proba- 
bility as one might at tii'st suppo.se. Lord Kelvin and Helmholtz gave 
it the support of their high authority. Spectrum analysis shows in 
cometarv nebuhe the four or live lines characteristic of hydrocarbons. 
Cosmic matter must then contain compounds of carbon, of the sub- 
stances that are especially typical of organic chemistry. Besides, car- 
bon and a sort of humus have been found in .several meteorites. As 
to the objection that these aerolites are heated while passing through 
our atmosphere, Helmholtz responds that this elevation of temperature 
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may Ih‘ (|iiitt‘ supcrlicial and allow inioro-oriiaiiisiiis to subsist in their 
interior. Hut other ohjeetions retaiu their force: First, that of iVl. 
Verworii. who considers the hvpothe.sis of cosmic ceniis as inconsistent 
with the laws of evolution: then, that of L. Errera, who denies that 
the conditions necessary for life can exist in interplanetary l)odies. 

Ihl [Ktflii SIS n f ciisiii'ic jiinisjirniiid . — Du Hois-Reymond has o-iventhe 
miww iii i nsiiiic pH nsjK rm in to a doctrine \ery similar to tlie preced- 
ing. formulated by II. Richter in lNd.5. and by F. t'olin in 1ST2. 
Ac‘cordinc' to this, the first living oernis arrived on our olobe mincled 

•T? C5 sT* 

with tlu' cosmic dust that floats in space and falls slowly to the sur- 
face of the earth. If they escape by this g-entle fall the dangerous 
heating of meteorites. L. Errera observes that they must remain ex- 
posed to the action of the luminous rays, which is generally destruc- 
tive of germs. 

ITijjinflii sis of piji'iniiHus. — W. Preyer was not willing to accept this 
cosmic transmigration of even the most simple living beings, nor to 
bring oth(>r worlds into the history of our own. Life, according to 
him. must have subsisted for all time, even whi'n the globe was an 
incandc'scent mass. But it was not the same life as at present. 
Vitality must have undergone many profound changes in the course 
of ages. The pyrozoans. the first living beings, vulcanians. were 
(juite diflerent from the beings of the present day that are disorgan- 
ized by a slight elevation of temperature. 

Tlii- theory of pyrozoans proposed by AV. Preyer in 1 n 72 certainly 
seems (pute chimerical, and similar to the imaginings of Kepler, yet 
in a certain way it accords with contemporary itleas concerning the 
life of matter. It is relat(*d to them by the evolution which it implies 
in the mat('i'ials of the teri-estrial globe. 

.Vccoi’ding to Pi'evi'f. primitive life existed in the fire. Being 
igneous ma-ses in fu-ion the jn rozoans li\ cd after their own manner; 
their \ itality. slowly moditical. finally took on the form which it pre- 
sents to-day. A ct. in this profound transformation their number has 
not \ aried. and the total ijuantity of life in the Tmi\ erse has remained 
the same. • 

A\' c recognize here' the idea-- of Button. These cosmozoans. these 
pyrozoans. have a singular resi'inblance to the organic moh'cules of 
" live matter ’’ of the illustrious naturalist — evei’vwhere distriouted. 
indestructible, and forming, by Iheir concentration, living structures. 

But it is time to abandon scientific theories and to conn' to arguments 
based upon facts. 

It is with a spirit epiift' ditl'erent from that of tin' ])oets, the meta- 
physicians. and the more or less philosophical sci(Mitists that the sci- 
ence of our days looks at tin* obscure vitality of inanimate bodies. 
It thinks that thert' is to be recognized there, in a mort' or less rudi- 
nientary state, the action of the same factors which operate in living' 
beings, the manifestation of the .same fundam.ental properties. 
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OR(iAXIZATI()N AXI) CHEMICAL CUMPOSITIOX OF LIVING AND 
BKI TE MATTER. 

Kn mm rnt ion of tJn jno nri put rJni rm ti-i'x ofJiL'inJ hi tm/x . — The pro- 
gTamnie which we have jiGt ijketcheil ohliwe.s us tt> in the brute 
beinu' for the propertic's of livinw being's. \\’hat. then, are, in fact, 
the characteristics (jf an authentic, complete, living being ^ What are 
its fundamental properties; We liave enumerated them above as fol- 
lows: A certain chemical composition, which is that of living matter; 
a structure or organization: a specific form; an evolution which has a 
duration and an end. (h'ath; a property of growth or nutrition; a 
property of reproduction, ^^'hich of th('s(> cliaracters counts for the 
most in the detinition of life; If .some of them were wanting, would 
that sidhce to put ])ack a being, who might ])o.ss('f,s the others, from the 
animate world to that of minerals; That is precisely the ipiestion 
that is under consideration. 

(Ji'iji.i iHZot ton iiinl rjn m n'ot roinjiosit mn of liiynij hcim/x, — On the 
whole, all that we know concerning the constitution of living matter 
and its organization is contained in tin* laws of the chemical unity and 
morphologic luuty of living beings. These laws seem to be a legiti- 
mate generalization from all th<‘ facts observed. The tirst tleclares 
that the jthenomena of life are maidfested only in and through living 
matter, protoplasm; that is to say. in and through a substance which 
has a certain chemical and physical composition, t’hemically it is a 
proteid comple.vus with a hexonic nucleus. Physically it shows a 
frothy stnicture analogous to that resulting from the mixture of two 
granular, immiscible li([uids differing in viscosity. 4'he second law 
declares that tht' phenomena of life can only be maintained in a t)ruto- 
pla.sin which has the organization belonging to a complete cell, with 
its cell body and nucleus. 

Eelofi rn I'll! m of tJn sr Imr.s — Kiviptions. — What is the sigiiitication 
of these laws of the chemical composition and organization of living- 
beings; Evidently that life in all its plenitude can only occur and be 
perpetuated under their protection. If these laws were absolute, if it 
weri' true that no life wei'(' possible e.xcept in and through albuminous 
protoplasm, except in and through the cell, the problem of •'the life 
of matter " would be decided in the negativ(‘. 

Wav it not be, however, that fragmentary and incomi)lete vital 
manifestations, progressive sketches of a true life, may t)ccur under 
different coiulitions: for example, in matter whii-h is not protoplasm, 
and in a bodv which has a structure differing from that of a cell — that 
is to sav. in a being which would be neither animal nor plant; This is 
the very ipiestion we have to consider, and we must seek its solution 
by the way of experimentation. 
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^Vithout leiiviug' the uniiuai and vegetable kingdoms — that is to say. 
among veritable living beings — we already perceive attenuation in the 
rigor of the laws governing chemical constitution and cellular 
organization. 

Tlie expeiiments of merotomy, that is to say of amputation, tried bj- 
Waller on nerves, on infu.soria by Brandt. Gruber, Nussbaum. Bal- 
biani. and Verworn. teach us the necessity of the presence of the cellu- 
lar body and the nucleus — that is to say, of the integritc' of the cell. 
But they also teach us that when that integrity no longer exists death 
does not immediately ensue. A part of the vital functions continues 
to be performed in dinuicleated protoplasm, in a cell which is mutilated 
and incomplete. 

Vitit] in rnisJiKd 2>i‘otopl<t><iii . — It is true also that grind- 
ing and crushing suppress the greater pait of the functions of the 
cell. But te.sts with puljrs of various organ.s and with those of certain 
yeast plants show that protoplasm, even though ground and dis- 
organized. can not be considered a.s inert, and that it still exhibits many 
of its characteristic phenomena; for example, the production of dias- 
tas(‘s, specitic agents of vital chemistry. Finally, while w'e do not 
know enough about the actions of which the secondary elements of 
protoplasm are capable — its granulations, its filaments, which one or 
another method of destruction might di.sclosc — to be able to deiH'that 
protoplasm has powei’ of action independent of its own integrity, W’e 
at least know that actions of this kind exist. 

To summarize, w e are far from l)eingalde to deny that rudimentary, 
isolated, vital acts may not Ijc e.xecuted by the various bodies that 
result from the dismemberment f>f protoplasm. Tlie integrity of the 
cellular organization, even the integritr' of protoplasm itself, is not 
indispen.sablf for these manifestations of vitality. 

Besides, naturalists admit that Avithin the ])rotoplasm are aliquot 
parts, elements of an inferior oialcr, Avhich possess .special activities. 
These .secondary (dements must have the principle of th('ir acti\ ity 
Avithin themscBes. Such an> the biophoi’cs to which Weissmann 
attributes the vital functions of the cell, nutrition, giAnvth. and multi- 
plication. If there arc biophorcs Avithin the cell tlnw may be imagined 
a." outside of it, and since they carrv within themselves the principle 
of their activity, they may extuvise it in an indf^pendent manner. 
Fnhai)pily the biophorcs. and otlnw elements of that kind, are purely 
hypothetical. Tlu>y are like the gemmules of Darwin, the bioblasts 
of Altmann. and th(> pangenes of De Vries. They have no relation to 
facts of obs<‘rvation and t(A real existence. 

YIfnIjd i noiiti nn in hrtde hodln.s . — There is no doubt but certain 
l)henomena of vitality may occur outside of the cell and its neighbor- 
h )od. To carry this farther Ave may admit that they may be produced 
in certain unorganized bodies, in certain brute bodies. In ex erv case 
there are surely produced etiects similar at least to those which are 
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characteristic of livino’ matter. Jt is for observation and experiment 
to decide as to the degree of similarity, and they hare, in fact, decided 
that the similaritr is cornplete. The crystals and crystalline germs 
studied 1)y Ostwald and Tammann are the seat of phenonnma (jnite 
comparable to tlios*' of vitality. 

IV. 

KVOLI TIOX AM) HT TAIilLITY OF l.TVIXO MATTER AXD T'.KTTK 

MATTER, 

One of tile most remarkable characteristu-s of a li\ ing being is its 
evolution. It undergoes a <-ontimious change. It starts with a fei'ble 
lieginning; it is formed, grows, then in ordinaj-y cases declini-s and 
disajipears. having followed a jiredictable course, regulated as to time, 
a sort of ideal trajectory. 

Snjijiosril uinjiiihihfij of hrutf ImkJ/ix. It may be asked %vh('ther this 
evolution, this directed mobility, is .so cxclu.sively a feature of the 
living being as it appears, and if many brute bodies do not present 
something analogous to it. The re.sponse is not at ail doubtful. 

Bichat was mistaken when he coutrasti'd in this respect brute bodies 
with li\ing bodies, ^'ital [iroperties. lie said, ai-e ti'niporaiA': it is 
their Jiature to exhaust themselves; in time tiny an' used up in tin' 
saiiu' l)ody. Physical pi'operties, on the contrary, are eternal. Brute 
bodies hai'e neither commencement nor necessary end. neither age nor 
evolution: they remain as immutable as death of which tliey are the 
image. 

2Io})il !t]/ uml nmftihiJif)/ of fhr u-orhl. — This is not true, in 

the tirst place, of the sidereal bodies. The ancients believeil that the 
sidereal world was immutable and incorruptible. The doctrine of the 
incorruptibility of the hea\ ens prevailed up to the seventeenth cent- 
uiy. The obsen ers who at that epoch directed toward the heavens 
the first telescope, which Galileo had just invented. Mere struck ivith 
astonishment at discovering change in the celestial tirmamcnt that 
they had believed incorruptible and by perceiving a new star that 
appeared in the constellation of Serpentarius. Such changes no longer 
surprise ns. The cosmogonic .system of L-aplace has become familiar 
to all cultivated minds and everyone is accustomed to the idea of the 
mobility and continual evolution of the celestial world. '’The stars 
have not always existed." writes M. Faye: “thev have had a period 
of formation: thi'y ivill likewise haie a period of decline, folhnved 
by a final e.xtinction." 

All the bodies of inanimate nature are not. then, eternal and immu- 
table: the celestial bodies are eminently susceptible of evolution, sloiv 
indeed compared with that we observe on the surface of our globe; but 
that di.spro])ortion. corresponding to the immensity of time and of 
cosmic spaces as compared with our terrestrial measurements, should 
not mislead ns as to thi' fundamental analogy of the phenomena. 
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1 . THE MOVE:\tF.XT OF FARTiri.F..^ AXO MOLFATLES IX BRUTE BODIF.S. 

It is not only in tlu' cele.stial spaces that bt' must search for that 
niohility of brute matter that imitates that of living- matter. lu order 
to timl it we have only to look about us or to interrogate physicists 
and chemists. 

As to the geologists, M. le Dautec speak.s somewhere of one of them 
who dividt'd minerals into living rocks, those susceptible of changing 
their structure, of undergoing an evolution under the inlluence of 
atmospheric causes; and dead rocks, those which, like clay, have found 
at the end of all their changes a final state of repose. Jerome Cardan, 
a celebrated scientist of the sixteenth century, at once mathematician, 
naturalist, and physician, declared not oidy that stones live, but that 
they Slitter from disease, old age. and death. The jewelers of to-dav 
spi-ak in this way concerning certain precious stones, turquoises, for 
exanqilc. 

The alchemists carried these ideas to an extreme. It is not nece.s- 
sary here to na-all the past, to evoke hermetic beliefs oi’ the dreams 
of the alchi'inists. according to whom the ditfeient kinds of matter 
lived, developed, and wi're transmutt'd into I'ach other. 

We refer to precise and i-ecmit data, establishi'd by the most I'xpert 
investigators, and related by one of them. Ch. Ed. CTuillaume, throe 
years ago. before the Ilolvtdie Society of Natural Scienci's. Those 
data show that the determinati- forms of matter may live and dii', in 
the seme that tln-y may become inoditied in a slow and continuous 
manner, always in the same direction, until tln-y ha\e attained an 
ultimate and dctiuite state- which is that of eternal i-cpose. 

The i iiti sti hu! iiini-riiK ntx nf hoiViex . — The reply of Swift to an idle 
fellow who spoke slightingly of work is well known; '•In England,” 
said tin- author of (lulliver. •'men work, women work, horses work, 
oxen work, lire works, and beer works; there is only the pig who 
does nothing at all; he must be, therefore-, the einly ge-ntlenuin in Eng- 
land.” We know ve-iy well that English ge-ntleinen also work. 
Indeed, everybody and everything works. And the ceh-brated humor- 
ist was nearer right than he- supposed in comparing in this res[)ect men 
anel things. Everything is at work; everything in nature- teiils and 
stri\'es. at e-very stage, in every degree. Immobility, repose, are 
Usually, in natural things, merely a false ajqie-arance-; the se-eming 
epiie-tuele- of matter is e ause-el by enir inability tee appreciate its interior 
agittitieai. Bee-ause- of the-ir minutene-.ss we do neet perce-ive- the- swarm- 
ing partie-l(‘s that cemipeese it, anel which, under the impassable surface 
of bodies, eescilhite. displace e-ach other, move- to and fro. and group 
the-mse-lves into forms and peisitions adapted to the conditions of the 
enviremment. In e-ennpariseen with the-se- microsceipic e-le-ments we- are 
like the- giant eif Swift in the midst of the- peeiple- eif Lilliput; and this 
is far lieleiw the- ae-tual facts. 
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Khitfir coiicfpiidh of moll rnhn' Inoi'i — Tlu' iiU'il (jf this pi'cillitir 

iio'itiition is l)y no nie:ins now to ns. Wo woro huniliurizod with it 
in soiontitio theories durini^ onr collowo (lays. The utoniio theory 
teaches us tlnit matter l)ehaves. from a chemical point of view, as if it 
were divided into molecuh's and atoms. 'I’he kinetic theory explains 
the constitution of oases and the etfects of heat hy supposiiyo- that 
these particles are endorved with movements of rotation and displace- 
ment. d'h(' wave th('ory (‘xplains luminous pln'nonu'na hy supposing 
peculiar vibratory movements in a special medium, tlu' etlu-r. Rut 
these are mendy hypotliesi's which an* not at all iu'c(‘s.,ar\ ; they arc 
the imaoes (H' thinos, not the thinos theiuscdves. 

Riiilifij of fho moi'i no ntx of pn r! nh x. -lleiv there i' no i(uestion(rf 
hvpothes(>s. 'riiis intestinal aoitation. tin's int('rior work, this inca's- 
sant activity of matt('r are positiw' facts, an ohj('ctive I’eality. It is 
true that wlum the chemical or mechanical c(]uHihrium (d' bodies is 
disturbed it is i-estored more oi’ less sh)wly. Soini'times days and 
years are naiuiri'd befoie it is rco-aiiaal. Scarcely do tlu'v attain this 
rolativ(‘ it'pose when tlu'v are ao'ain disturlu'd. for tlu' en\ ironment 
itself is not tixt'd; it sulbu's variations which riaiet in their turn upon 
the body under cousidc' ration: and it is only at tin' end of tlu'se varia- 
tions, at the end of their respia-tive pcTiods. that they together attain, 
in a universal uniformitw an (Ternal la'posi'. 

We shall ■see that metallic alloys undere-(( continual physical and 
chemical ehanyes. 'Phey art' always sei'kine- an e([uilibrium which more 
or less escapes tlu'in. Physicists in modern times havi' eiven their atten- 
tion to this intt'stinal activity of material bodies in pursuit of stability. 
Wiedemann. Warbure-. Tondiiison. 4141. Ibieiiet. Rrillouin. Ibihem, 
and Bouassc have revix t'd the old e.xperiinental studies of Coulomb and 
Wertheim upon the t'histicity of bodies, theetlects of jtressure. tractitvn, 
hammerine- of metals, temp(‘rine'. and aimt'idine'. 

The intestinal acti\ ity manifested under thcsi' ctrcuiustances presi'nts 
quite remarkable t haracteristics w hich have bet'u almost nect'ssarily 
compared to the aiialoeous piienomena presmited by livine- bodies. 
There has iieen created, even in physics, a lieiiratix’e terminohvey. and 
metaphorical ex})ressions have been borrowed from bioloey. 

('ompn I'lxoii iifili, iirtiritij of piirfirl'x intli rifiil ih-f i i-it ij. — It Was 
Lord Kelvin who tii'st spoke of tin' fatigue of metals, or thi' fatieue of 
elasticity, and. since then. Rose showt'd for these same bodies the 
fatio'ue of the elec trie touch [tact (dectr'KiueJ. Tin' term accommodation 
has been ('inploved m tlie study of torsion, and according to romliuson. 
for precisely those' pln'iiomena which are tin' inverse of thos('of fatigin". 
The phenomena pres('nted by e'la-ss wln'ii it is sid»j('cted to an e.xterior 
force which slowly bends it. have been coiisids'red as those of adapta- 
tion. The nn'thods by w hich a bar of .steel resists wire -drawing have 
b("'(*n r('e‘ard('d as nn'aus of dc'fc'nst' auaiiist thrc'atc'ned rupturi'. .\nd 
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M. Charles Edward Guillarimo .speaks somewhere of ” the heroic resist- 
ance of the Inir of nickel-, steel." The term “defense" has been also 
applied to th(> behiu ior of ehloi-ide or iodide of silver when exposed to 

There has been no hesitation in using- the term “meiuorv" concur- 
rently i\ith that of hysteresis to de.sig-nate the behavior of bodies sub 
mitted to the action of magnetism or of certain mechanical forces. It 
is true that ]\1. H. Bouasse protests in the name of the ph^’sico-math- 
ematicians against the empkn iuent of the.se ligurative expre.ssions. 
But has he not himself written “a twisted wire is a watch wound up," 
and (dsewhen' ” the properties of bodies depend at every moment upon 
all ant<‘rior moditications 1" Ts this not to say that they retain in sonle 
manner the impression of the changes they hai'c experienced 1 Power- 
ful deformative agencies leave a ti-ace of their action, they modify the 
state of molecular aggregation of the body, and some physicists go so 
far as to .say that they even modify its chemical constitution. AVith 
the exception of AI. Duhem. the mechanicians who have studied elas- 
ticity admit that tlie effect of an exterior force upon a body depends 
upon tile forces to which it has been previously subjected, and not 
merely upon those which are acting upon it at the time. Its present 
state can not b(> predetermined, it is the recapitulation of preceding 
states. Tlic effect of a torsional force upon a new wire will be difl'er- 
ent from that of the .same force upon a wire jirei iously subjected to 
torsions and detorsions. It was with reference to actions of this kind 
that Boltzmann in LSTti declared that a wire that has been twisted or 
drawn out remembers foi- a certain time the deformations to which it 
has been subjected. This memory is defaced and lost after a certain 
definite period. Here th<*n. in a problem of static equilibrium, there 
is introduced an uiu'xpected factor — time. 

To summarizf'. it is the ))hysicists themselves who have indicated 
the corri’spond ence between the state of existence in many brute 
bodies and that in many living bodie.s. It can not be expected that 
these analogies will in any way servi' as explanations. We should 
rather seek the deri\ation of the vital jihenomenon from the physical 
phenomenon. This is the .sole ambition of the physiologist, and the 
inverse of this would be unrea.sonable. A\'e do not assume to do this 
here. It is nevertheless ti'ue that analogies are of service, were it 
only to shake tlie confidence which, since the time of Aristotle, has 
been accorded to the division of tlie bodies of nature into jjsuc/tN/ and 
upxvj-h'Ht. that is to say. into liiingatid brute bodies. 

'i. THK nUOWMAN .MOVEMENT. 

Hu i .nsttiu; u f th, Bfdiriiin n niDi'i nu ut . — The most .simple mi'an.s 
of judging of the working activities of mutter is to observe it in the 
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action of the neigh boring' particle.^i. We approach that condition 
when we ol)serve through the iniero.scope grains of dust suspended in 
a licpiid or globules of oil suspended in water. Xow the result of 
this case is well known to all inicro.scopi.st.s. If the granulations are 
sufficiently small, they are seen to be never at rest. They are 
animated by a sort of incessant tnmior: we see tht> phenomenon 
called the “Brownian movement." 'riu“ spectacle of this agitation 
has struck all observers since the invention of the loup(‘ or simjde 
microscope. But the Engli.shman, Brown, in isof, made it th(> objt'ct 
of a special study and left it his name. The exact explanation of it 
remained for a long time obscure. Jtwasgix en in lsi>4 by the h'arned 
physicist of the faculty of Lyons, M. (louy. 

The ob.'.cin-er who for the first time looks through the micruscojje 
at a drop of water from the river, from the sea. or from any ordinary 
source that is to say. wat('r not specially i>uriticd — i.s struck with sur- 
prise and admiraticin at the spectacle of the motion that appcairs in it. 
Infusoria, microscopic articulata. various micro-organisms, people tlu> 
microscopic field and animate it witli their movements; but at the 
same time all sorts of particles are also agitatial. partich's which can 
not be considered as living beings and whitdi are, iti fact, nothing but 
organic detilfus, mineral dust and d(d)risof e\ery dcsciiption. C^uite 
often the singular mo\'ementsof these granulations, which simidatc uj) 
to a certain ]ioint those of living beings, have ])erplexed the observer 
or drawn him int(» error, and the bodies that manifest them have been 
taken for animalcule.s or for bacteria. 

Clidrocii fx of ih'tx iiioi'ciiuoit. — But it is ordinarily (piite easy to 
avoid this confusion. The Brownian movement is a sort of oscillation, 
a treadmill of to and fro movimient not accom]ianied by translation. 
It is a Saint Guy's dance executed in one spot, thus distinguishc<-l from 
the movements of displacement liabitiial to animate beings. Each 
particle executes its own special dance. Each one acts on its own 
account independently of its neighbor. There is. however, in the 
execution of these individual o.scillations a sort of common and regular 
character which arises from the fact that their amplitudes ditl'er little 
from each other. The largest jvarticles are the slowest; above four 
one-thousandths of a millimeter in diameter they almost cease to be 
mobile. The smallest are most active. AVhen so small as to be barelv' 
visible thnvugh the microscoive the movement is extremely rapid and 
can only occasionally ho perca'ived. It is pro))ab]e that it would be 
still more accelerated for smaller objects, but the latter are d(>stined^ 
to eternally escape our observation. 

Itx of tin- nut K re ofthr hoilit'X: Hud of tin- rn rii'oitiniiif . — 

M. Gouv has remarked that the movement depends neither on the 
nature nor on the form of the particles. Even the natuia' of the 
liquid has but little inHiumce. Its degree of viscosity alone is of t'tiect. 
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Th(' niovemoiits ;ire. indeed, more lively in ak'ohol or ether, whieh are 
^ erv inohih' licjuids. Tln'v are slofl' in sulphuiae acid and ^lyc'erin. 
In water, a yrain oik' two-thousandth of a millimeter in diameter trav- 
erse's. in a second, ten or twelve times its own h'noth. 

I'he fact that the Brownian movement is seen in liejuors which have 
been boiled, in acids and in concentrated alkalis, in toxic solutions of 
all degrees of temperature, shows conclusively that the phenomenon 
has no vital signiticance; that it is in no way connected with vital 
activity so called. 

/As- (hiniiiim. — The most remarkable character of this 

phenomenon is its permanence, its indetinite duration. The move- 
ment never ceases. th<' particle never arrives at I’epose and e([uilib- 
rium. trranitic rocks cotitain (piartz crystals which at the moment of 
their formation included within a closed cavity a drop of water which 
contained a l)ubl)le of g-as. These bubbles, contemporary with the 
Plutonian age of the globe, have never from that time ceased to mani- 
fest the Brownian movt'inent. 

Itx ihilf'in ndf-nci’ of r.i-ti'i na! coialiftoiitt. — What is the cause of this 
eternal oscillation ^ Is it a tremor of the earth' No. M. (louysiw 
the Brownian movement exist far from cities, where the mercurial 
mirror of a seismograph showed no subterranean vibration. It did 
not increase when these vibrations appeared and became quite appre- 
ciable. Neitht'r is it changed by variation in light, magnetism, or 
electric influences; iti a word, by external occurrences. The result of 
observation is to place before us the paradox of a phenoimmon which 
is kept up and indotinitely perpetuated iu tin.' intt'i’ior of a body with- 
out known exterior cause. 

dJo' IdvOti'Jtttl n nioi‘t_ uitfut iiiiixt Ijt: tin V I'd dfK/f of ntolt'i'idil !' inoi'C- 

iiii'iit . — When we take in our hands a sheet of (piartz which contains 
a gaseous inclusion we .seem to be holding a perfectly inert object. 
When we have plant'd it upon the stage of the mieroscop(' and have 
demonstrated the agitation of the bubbh* w(' are convinced that this 
s('('ming inertia is merely an illusion. 

Th(' repost' exists ttnly in the limitatittns of ttur vision. IVe see the 
objects as we see frtau afar a crowd t)f jx'ttple; wt' ])erc('ive tht'iii as 
a whttlt'. without being able tt) tliseern tlu' individuals or tht'ir mttvt'- 
mt'uts. .V visiblt' ttbject is. in tin' same way. a mass of particles. It 
is a moh'cular erttwd. It gives us the impression of an indivisible 
mass, of a blttck in rt'pose; but as sotm as a lens brings us nt'ar tothis 
crowd, as sotm a.- tht' micrtcscope t'lilargt's for us the minute eh'iueiits 
of the brute btxly. then it appears to us, anti we perct'ive the cttntinual 
iigitation of thost' wht) are at h'ast ftmr one-thousandths of a millimeter 
in diamett'r. The smallt'r the partich's untler ctmsider:itit)n. tht' more 
livt'ly art' theii" movements. From this wi' infer that if wt' cttuld pt'r- 
cei\(' molecult's whose probabit' dimt'iisions are about out' thou-antl 
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time« les.s. their proinibie velocity would be, as required by the kinetic 
theory, some hundreds of millimeter.s per second. The llrowniaii 
velocity of the smallest objects we can perceive is but some thou- 
sandths of a ndllimeter per second. Doubtless, concludes M. (rouv. 
the particles that show this movement are really enormous when com- 
paied with true molecules. Looked at in this way. the Browinan 
movement is but the first degree and a gross manib'station of the 
molecular vibrations which the kinetic theory supposes. 

3. THE INTK.STINAI. A<T1\ ITV OF HODIES. 

Jif'nj rutiiii) of iiiiitrrliil pa rtii-hx. — In the Brownian movement we 
take into account only very small, isolates! masses, small free frag- 
ments; that is to say. material particles which are not hampered by 
their relations to ncdglilairing particles. Any otlu'r but a physicist 
might bt'lievi' that in true solids endowed with cohesion and tenacitv 
in which the molecules arc bound one to tin' other, in which the form 
and the volume are fixed, tlu're could be no longi-r any movt'im'uts or 
changes. This is an error. Physics teaclu's us tlic contrary, and. 
especially in these latter years, has furnished us characteristic exam- 
ples, There are veritable ndgrations of matei ial ])artieles throughout 
solid bodies — migrations of considerable extent. 'J'liey are accom- 
plished through the agency of diverse forces acting from the (>xte- 
rior — pressures, tractions, torsions — sometimes under the action of 
light, somc'times under the action of eh'ctricity. sometimes under the 
infimmee of forces of dittusion. Tin* microscopic observation of alloys 
by Mi\I. II. and A. Lechatelier. d. Ilopkinson. Osmond. Oharpy. 
d.-li. Benoit; the studies of their ifiiysical and chemical ju'operties by 
MM. Calvert. Matthiessen, Kiche, Koberts .\usten. Lodge, Laurie. 
andCh.-Ed. Ouillaume; the experiments in the electrolysis of glass, 
and the curious results of Bose upon the electric touch [tactu'lectriiiue] 
of metals show in a striking manner the chemical and kinetic ('volu- 
tions which occur in the interior of bodies. 

2ri(/r(itiou iin<l( r thr iiifiwfH-i'ot — An experiment of Ober- 

mever which dates from 1>'T7 furnishes a good example of the migra- 
tions of solid bodies through a hardened viscid mass under the influence 
of weight. Shoemaker's wax. the black wax that shoi'inakers and 
boat builders use, is a kind of resin (‘.xtracted from tin' pine and other 
resinous trees, melted in water, and se])arated from a more fluid part 
which rises above it. It is colored by the lampblack prodma'd by tin' 
combustion of straw and fragments of bark. At an ordinary temper- 
ature it is a mass so hard that it can not always be indented easily b\ 
the tiiiger nail; but if it is left to itself in a n'ceptacle it finally yields, 
spreads out as if it were a liquid, and conforms to th(‘ shap(' of the 
vessel. Sujjposc we i)lace within a cavity hollowed out of a ph'ce of 
wood a portion of this wax and keep it there by means of a few ])('b- 
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hies, having- proviously phiecd at tht‘ })<)ttoHi of the cavity some frag-- 
ment.s of a light suh'^tunce. like cork. The piece of wax is thus between 
a light body ladow and a heavy body above. Tf we wait a few days 
this ordi'i- is reversed the wax ha.s tilled the cavity by conforming to 
it: the cork has passed through the wax and appears upon the surface, 
while th(' stones are at the bottom. 4Ve have here th(> celebrat(‘d 
(‘xperiment of the flask with the three elements, in which are seen the 
liquids mercury, oil. and water superposed in tlu' ord(‘r of their 
density, demonstrated in this case by means of solid bodies. 

Int! in/nci- of iVif'iiKiDu . -Diffusion, which disseminates liquids 
throughout each other, may also cau.se solids to pass through other 
solids, tv. Koberts Austen places a little cylinder of lead upon a disk 
of gold and keeps the vhole at the temperatiu'e of boiling water. At 
this temj)erature both metals are perfectly solid, since gold does not 
melt up to 1.200 C. nor lead up to 330% Still, after this contact has 
bt‘en prolonged for a month and a half, analysis shows that the gold 
has become diff used to the top of the evdinder of lead. 

I nf iirnci' o f ! Irrti'ol yxlx. — Electrol vsis offers another means of trans- 
portation no less remarkable. By its means we may force metals, 
such as sodium or lithium, to pass through glass walls. The experi- 
ment may be performed in the method indicated by M. Charles Guil- 
laume. A glass bulb containing mercury is placed in a bath of sodium 
amalgam and a current is then made to pass from within outward. 
After some time, it can be shown that the metal has penetrated the 
wall of the ludb and become dis.solved in the interior. 

fnf of mecliiiaicfil prexxiin-. — INlechanieal pressure is also capa- 

ble of <-ausing one metal to pass into another. We need not recall the 
well-known experiment of Cailletet, wht). by employing considerable 
pressuii', caused mercury to sweat through a block of iron. In a 
more simple manner W. Spring showed that a disk of copper could be 
welded to a disk of tin bv prt'ssing them strongly one against the 
other. There is formed, up to a certain distance fi'om the surfaces of 
contact, a vm-itable alloy; there is a layer of bronze of a certain thick- 
ness which unit('s the two metals, and this could not take place did not 
the particles of both metals mutually interpenetrate. 

4. IXTESTIXAl. ACTIVITY OF ALLOTS. 

—Metallic alloys hav(‘ a remarkable structui’e 
which is essentially mobile and which wi' have now begun to under- 
stand. thanks to the employment of the microscope. Microscopical 
examination justities to a certain degre(‘ the supposition of Coulomb. 
That illustrious physicist explained the physical properties of metals 
by imagining that they were formed of two kinds of elements — inte- 
gral particles, to which tlu* metal owes its properties of elasticiW. and 
a cement which binds the particles and to which it owes its coherence. 
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]\I. Bi-illouin ha.s again taken npthisln’pothesi.sof duality of structure, 
llu' metal is supposed to be formed of very small, isolated, crystalline 
grains embedded in an almost continuous network of viscous matter; 
a more or less compact mass surrounding more or less distinct crys- 
tals is the conception which may be formed of an allov. 

ChiiKji-x nf xtructure prvditcud l»j dcfn'iniiiij aijinciix. — It has lieen 
shown that profound changes of crystalline structure can b(> produced 
by various mechanical means, such as hammering and th(' traction of 
metallic bars carried as far as rupture. Some of these changes are 
very slow, and it is only after months and years that they are completed 
and the metal attains the detinitivo equilibrium corresponding to the 
conditions in which it is placed. Though there may be discussions 
concerning the nature of the transformations to which it is subjected, 
though some believe they attect the chemical condition of the alloy, 
while others limit its power to physical etfects, it is nevertheless trui' — 
and this brings us back to our subject — that the mass of thesi' metals 
is at work and that it only slowly attains the phase of complete repose. 

The -dow ri-extahlix/uiirtif of tijiiHihidiim — Th.xJd’ud cff'rct. —These 
operations by which the physical characters of metals ai’e changc'd, 
and lyv which they are adapted to a variety of iudustritil needs— com- 
pression. hammering, rolling, traction, and torsion — have an imiiK'di- 
ate, very apparent etiect; but they have also a consecutive I'tl'ect, 
slowly produced, much less marked and less e^ ident. This i-, the 
residual effect or " Nachwirkung" of the Germans. It is not with- 
out importance even in practical applications. 

Heat also creates a sort of forced equilibrium. This becomes but 
slowly moditied, so that a body may remain for a long time in a state 
which is neverthele.ss the mo.st stable for the conditions under which 
it is considered. The number of the.se bodies out of equilibrium is as 
great as that of the matters which have been submitted to fusion. 
All the Plutonian rocks are in this condition. Glas.-, presinits a simi- 
lar one. Thermometers placed in melting ice do not always mark the 
zero of centig’rade. This displacement of the zero point falsities all 
their indications if care is not taken to correct it. ihis correction 
usually demands a long observation. I he theory of the displaceuumt 
of the thermometric zero is not entirely established. t)ut we may sup- 
pose with the author of the ITaite de 1 lu'rmometrie that then' exists 
in glass, as in allovs. compounds which vary according to the tempera- 
ture. At each temperature glass tends to assume a determinate com- 
position and a corresponding' .stat<' of equilibrium, but the previous 
temperatui'c to w hich it has been sulqected has evidently an intluence 
upon the rapidity with whii'h it attains its state of repose, the effect 
of variation is more marked as we observe glasses of more complicated 
composition. We can readily understand that those which contain 
comparable quantities of the two alkalies, soda and potash, may be 
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iiiDi’e su])j(>ct to these iKoditieatioii.s than those having’ a more simple 
com])osition based on a single alkali. 

FA'ivfs of iiiiiKiilhuj. — A piece of brass wire that has been drawn and 
then heated is the theatre of very remarkable internal changes that 
lan e been only recently recognized. The violence done to the metallic 
thread in forcing it through the hole in the die crushed the crystalline 
particle": the interior state of the wire is that of broken crystals sur- 
rounded by a granular mass. Heating changes all that. The crystals 
separate, j’l'pair themselves, and reform: they are then hard, geomet- 
rical bodies, plunged in an amorphous mass, relalivdy soft and plastic: 
their number keeps on increasing: equilibrium is not established until 
the entire mass is crystallized. One may imagine how many displace- 
ments. enormous when compared with their dimensions, the molecules 
hav(' to undergo when transporting themselves throughout the I’esisting 
mass and arranging themselves in dehnite places in the ciwstalline 
editices. 

In the same way. too. in the manufacture of steel, the particles of 
coal at tirst applied to the surface traverse the iron. 

'rids faculty of molecular displacement permits in soiiu' caso the 
metal to modify its state at one point or another. The use made of 
this faculty in cci’tain circumstances is very curious, greatly resem- 
bling the adaptation of an aidmal to its environment. t)r the methods 
of defense which it employs to resist agents that might destroy it. 

Ef rt of f no finit ccml sfriefion — of Hurt nunm. — When a 
cylindrical rod of metal, held firmly at either end — a test rod. as it 
is I'alled in mctallui’gy — is subjected to a powerful traction it often 
elongates considerably, part of the elongation disappearing as soon as 
the strain stops, another part remaining. The total elongation is thus 
the sum of an "elastic elongation," which is temporary, and a "per- 
manent elongation." If we continue the traction there appears at 
some point of the rod a narrowing, a striction. It is there that the 
rod will break. 

But in place of continuing the ti’action. 31r. Hartmann suspends it. 
He stops, as if to give* the metal !)eing time to rally. During this 
delay it would seem that the molecules hasten to the menaced point to 
reinfoi’ce and harden the weak part. In fact, the metal which was 
soft at other })oints has hei'(‘ take!i on the aspect of tempered metal. 
It is no longer extensible. 

When the experimentm- na-ommences traction after this rest, the 
narrowed bar having been submitted to the action of a roller and 
returned to a cylindrical form, a second narrowing forms at another 
point. If another rest is given this striction also will become resistant. 

If we renew this experiment a sutheient number of times there will 
result a total transformation of the rod. which will become hardened 
throughout its entire extent. It will break rather than elongate if 
the traction is suthcientlv energetic. 
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_Xicl,'( ) xf, ( /.s — Th, //• ]ii ri>i<‘ ilrfi ii.si . — Nifkel .-'teels present this phe- 
nomenon in ill! exagoenited degree. The ultermition of opt'rations 
ivhieh we have just described, whieli bring the various paiTs of an ordi- 
nary .--teel rod into a teiipjered state, is not necessary with nickel steel. 
The etfect is produced in the course of a single trial. As soon as 
there is any narrowing at any point the alloy hardens at that pi-ecise 
place: the striction is hardly marked; the movement is stopped at this 
point to attack another feeble point, stops there again and attacks a 
third, and so on; and tinally the paradoxical fact appears that a rod of 
metal which was in a soft state and could Ix' considerably elongated 
has now become throughout its whole extent hard, fragile, and inex- 
tensible liki' temjx'red steed. It is in connection ivith this fact that 
M. C'has. Eelward (luillaume spoke of heroic resistance to ruptunx 
It would seem, in fact, as if the bar of nickel iron had reenforced caedi 
weak point in proportion as it was menaced. It is otdy at the end of 
these etl'orts that the ine\ itabh* catastrophe occur'. 

Kf'fct of t, iii/n-riifiir--. -When the temperature (dianges it is seen 
that these nii'kel imns elongate or retract, modifying at tlu' same time 
their chemical constitution. But the.'C eflects. like those which occur 
in the glass reservoir of a thi'rmometer. are not aiapured all at once. 
They are produced rapidly for on<‘ part and more slowly for a small 
remainder. Bars of nickel ii'on which have been kept at the same 
temperature change gradually in hmgth during the course of an entire 
year. Can we tind a better proof of inte.stinal activity occurring in 
a substance greatly (littering from living matter' 

AeC//v (iffhi -'rh(“.se ari“ e-\amples of the inti's- 

tinal activitv that occurs in brute bodh's. Besides, these facts that we 
are citing merely to refute the assertion of Bichat ladative to the 
immutability of brute bodies and to show their activity bring us. in 
addition, another pro(d'. Ihey show that this activity, like that (jf 
animals, is a guard against foreign intervention, and that this guard, 
again likt' that of animals, is adapted for the defense and presci vation 
of the brute mass. 

If we accord a special \ alue to the adaptative or ttdeological char- 
acteristic of vital ])henomena. a characteristic which is so easily abused 
in biological interpretations, we may also tind it again in the inanimate 
world. To this end we may add to the preceding examples a last one 
which is no less remarkable. This is the famous cu'e of the photog- 
raphy of colors after Becaiuerel's method. 

I’ltotoiirojilnj o f rnlorx.- k grayish plate, treated with chloride or 
iodide of sdv(>r and exposed to a red light, rapidly becomes red. It is 
then ex})osed to gii'cn light and aftt'r pa.ssing through some dull and 
obscure tints it becomes green. If we wished to explain this remark- 
able phenomenon W(' could do no better than to say that the silver salt 
protects itself against the light that threatens its existence; that light 
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causes it to pass through all state.s of coloration before reducing it: 
the salt stops at the state which protects it best. It stops at red, if it 
is red light that assails it. because by becoming red it repels hy reflec- 
tion that light; that is to say, it absorbs it the least. 

It may then be advantageous, for the purpose of comprehending 
natural phenomena, to regard the transformations of inanimate matter 
as manife.stations of a sort of internal life. 

( — R- hitioiis o f thf xufroandbxj niediinu to tJo’ Inoixj 
tx hxj xnd thx hiolie hody. — Brute bodies then are not immutable any 
more than are living’ bodies. Both depend upon the medium that 
surrounds them, and they depend upon it in the same way. Life 
brings together, puts in conflict, an appropriate organi.sni and a suita- 
ble environment. Auguste Comte and Claude Bernard have taught 
Us that vital phenomena I'csult from the reciprocal action of these two 
factor^ which are in clo.se correlation. It is also from the reciprocal 
action of the environment and the brute body that inevitablv result the 
plnniomena which that body presents. The living body is sometimes 
mori' sensitive to ambient variations than is the brute body, but at 
otlnu- times the reverse is the ca.se. For example, there is no living 
organism as impressionabh* to any excitant whatever as is the bolometer 
to the slightest \ ariations of temperature. 

There can only be. then, one chemically immutable body, which is 
the atom of a sin)ple body, since according to its very definition it 
remains unaltered and unalterable in combinations. This notion of an 
unalterable atom has. however, itself been attacked by the doctrine of 
the ioni.sition of particles advanced by ,1. .1. Thomson; and besides, 
with very ft'w exceptions — tho.se of cadmium, mercury, and the gases 
of the argon scudi-s — the atoms of simple bodies can not exist in a free 
state'. 

So it is that, as in the vital struggle, the ambient medium furnishes 
to tin- living being, in whole or in part by alimentation, the materials 
of its organization and the eiun-gies which it puts in play. It also 
fnrni.'hes to brute bejdies their matt'rials and their eneigies. 

It is also said that the ambient medium furni.shes the living being a 
third class of things, the stimulants of its activities — that is to say. its 
“provocation to action." The protozoan linds in the acpiatic environ- 
ment which is its habitat the stimulants which provoke it to move and 
to absorb its aliments. The cells of the metozoan encounter in the 
same way in tin' lymph, the blood, and the interstitial Ii(piids which 
iaithe them the shock, the excitation whicli brings tlu'ir (‘iiergies into 
play. They do not have in themselves, by a mvsterious spontaneity 
without example in tho rest of nature, the capricious principle which 
sets them in motion. 

Vital spontaneity, so readily admitted by ])ersun.s ignorant of biology, 
is disproved by all the history of the .science. Every vital manifesta- 
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tion is a response to a stimulation, a provoked phenomenon. It is 
not necessary to say that it is the same with brute bodies, since that 
is preciselj^ in what consists the great principle of the inertia of matter. 
It is plain that it is also as applicable to living as to inanimate matter. 

V. 

SPECIFIC FOR.M. LIVINC BODIES AND CRA'STALS. 

1. SPECIFIC FORM AND CHEMICAL CONSTITL TION. 

In the enumeration which we have made of the essential features of 
vitality there are thioe tliat have, so to speak, a prime value. These 
are, in the order of tlieir importance; The possession of a specific 
form; the faculty of growtli, or nutrition; and finally, the faculti" of 
reproduction bv generation. By restricting our comjiarison between 
brute bodies and living bodies to these truly fundamental characters 
we restrict the field, but we shall see that the resemblances do not 
disappear. 

inV/e! dis^trihutlon of foi'in.'t . — In tin' mineral world we 

have only to consider crystallized bodies, they being almost the only 
ones that possess definite form. In restricting ourselves to this cate- 
gory we do not limit our field so much as might be supposed. Crys- 
talline forms are widely distrilmted. They art', in a manner, uni- 
versal. Matter has a decided tendency to assume these forms whenever 
the physical forces which it olteys act witli orch'r and reguluriU’ and 
their action is not disturbed by accidental oceurreiu'es. In the same 
way, too, living forms arc only possible in regulated environments, 
under normal conditions, protected from cataclysms and convulsions 
of nature. 

The possession of a specific form is the most significant feature of 
an organized lacing. Its tendency, from the time it begins to develop 
from the gei-m, is toward the acquirement of that form. The })ro- 
gressive manner in which it seeks to realize its architectural plan in 
spite of the obstacles and difficulties that arist — healing its wounds, 
repairing its mutilations — all this, in the eyes of the philosophical 
naturalist, forms what is perhaps the most striking characteristic of a 
living being, that which best shows its unity and its individuality. 
This property of organog’enesis seems preeminently a vital property. 
It is not so, however, for crystalline bodies pos-ess it in an almost 
equal degree. 

The pai'allel between the cry.stal and a living t)eing has been often 
drawn. We will not reproduce it here in detail. \\ e wish only, after 
having sketched its principal features, to call attention to the new 
matters concerning it that have been brought out by recent investi- 
gations. 

SM ltH)2 ^7 
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Organization of crystah-f — Vuni'N of I la'uy^ Delaf me and JjT'aralx, 
and of fSatlerant . — In botany, zoology, and crystallography we 
understand by form an assemblage of material constituents coordi- 
nated in a definite system; that is to say, it is organization itself. 
The body of man, for example,, Is an edifice in which 60 trillions of 
cells ought each to find its own place fixed in advance. 

In ciystallography also we under.stand by form the organization 
which ciwstals present. The grouping of the elements of crystals is, 
perhaps, more simple. Thei' are none the less organized, in the same 
sense that living bodies are. 

Their organization, while more uniform than that of living bodies, 
still shows a considerable amount of variation. It should not be 
assumed that the area of a oystal is completely filled with contiguous 
parts applied one to the other by plane faces, as might be supposed 
from the phenomena of cleavage which dissociates the parts of the 
crystalline body into solids of this kind. In reality the constituent 
parts are separated from each other by spaces. They are arranged 
in quincunx, as Hai'iy says, or along the lines of a network, to use the 
terms of Delafosse and Bravais. The intervals left between them are 
much larger than their diameters. So it is that in the organization of 
a crystal it is necessary to take into account two quite different 
things: An element, the crystalline particle, which is a certain aggre- 
gate of chemical molecules having a <leterminate geometrical form, 
and a more or less regular, parallelopipedic network, along whose 
crests are arranged in a consfcmt and detinite manner the aforesaid 
particles. The external form of the crystal indicates the existence of 
the network. Its optical properties depend upon the action of the 
particles, as ^I. Wallerant has shown. There are, therefore, to be 
distinguished inaciystal two kinds of geometrical figures — that of the 
network and that of the particle — and their characters of symmetiy 
maj’ be either concordant or di.scordant. 

The crystalline particle, the element of the crystal, is then a certain 
molecular complex that repeats itself identically and is identically 
placed at the nodes of the parallelopijx'dic network. It has been given 
different names well calculated to produce confusion — the crystallo- 
graphic molecule of Mallard, the complex particle of other authors. 
Some have .separated this element int(j subordinate elements (the 
fundamental particles of Wallerant and of Lapparent). 

These very general outlines will .suffice to show how complex and 
adjustable is the organization of the crystalline individual, which, in 
.spite of its geometric regularity and its ligidity. may be compared 
with the still more ffexible organization of the living element. The 
mineral individual is more stable, less prone to undergo change than 
is the living individual. We may sai" with M. Lapparent that “crys- 
tallized matter presents the most perfect and stable t)rderlv arrange- 
ment of which the particles of bodies are sirsceptible.” 
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L(Vip of relation <f specif e form to chemical constitution. — Crystalli- 
zation is a method of acquiring .specific form. The geometric archi- 
tecture of the mineral individual is hut little less than marvelous and 
no less chai'acteristic than that of the living individual. Its form is 
the result of the mutual reactions of its substance and of the medium 
in which it is produced; it is the condition of material equilibrium cor- 
responding to a given situation. 

This idea of a specific form that belongs to a given substance under 
given conditions should be retained. We may consider it as a soil of 
principle of nature, an elementary law, which may serve as a point of 
depai'ture for the exj)laiiation of phenomena. A particular substance, 
under identical conditions of etivironment, must alwa\'s assume a cer- 
tain form. This close linking of substance to form, admitted as a 
postulate in physical sciences, has been carried by some philosophical 
naturalists, such as M. Le Dantec, into the biological field. 

Let us imitate them for a moment. Let us cease to seek in the liv- 
ing being for the prototype of the crystal: let us on the contrary seek 
in the crystal the prototype of the living being. If we suci'eed in this, 
we shall then have obtained a physical basis for life. Let us say, then, 
with the biologists of whom we have been speaking, that the substance 
of each living individual is peculiar to it: that it is specific, and that 
its form — that is to say its organization — follows from it. The mor- 
phology of any beitig whatever, of an animal — of a setter dog. for 
example — or even of a determinate being — of Peter, of Paul — is the 
“crystalline form of its living matter.” It is the only form (d' ispii- 
librium that can he assumed under the given t'onditions by the sub- 
stance of the setter dog. of Peter or of Paul, just as the cube or the 
hopper form is the crystalline form of sea salt. In this manner the.se 
biologists have supposed that they could curry back the problem of 
living form to the problem of living substance and at the .same time 
throw back the biological mystery upon the physical mystery. 

^ (ilni of form as a chnract<ristic of 1 irnoi and hratt hena/s. — How- 
ever this niay be. it can be affirmed without fear of exaggeration, that 
the crystalline form characterizes the mineral with no less precision 
than the anatomical form i-haracterizes the animal and the plant. In 
these two cases form — con.sidered as a method of distribution of the 
parts — .signalizes the individual and allows us to diagnose it with more 
or less facility'. 

iParenta</c of lii'inif henajs and mno-nd parcntaiji . — Still another 
analogy has been noted. In animals and plants similarity in form 
indicates similarity in descent. communiH of origin, and proximity in 
any scheme of classification. In the .same way identity of crystalline 
form indicates mineral relationship. Substances chemicalL’ analo- 
gous show identical, geometrically superposable forms, and are thus 
arranged in family or generic groups recognizable at the first glance. 
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himorphmn and tJu- faculty uf crossing. — Besides, the possibility, 
in the case of isomorphous bodies, of replacing each other in the same 
ciTstal during the process of formation and of thus mingling, so 
to speak, their congenital elements, may be compared with the pos- 
sibility of interbreeding with living beings of the same species. 
Isomorphism is thus a kind of faculty of crossing. And as the impos- 
sibility of crossing is the touchstone of taxonomic relationship, as it 
is the proof of it. separating stocks that ought to be separated, so the 
operation of crystallization is also a means of separating from an acci- 
dental mixture of mineral species the pure forms which are there 
blended. Crystallization is the touchstone of the specific purity of 
minerals; and it is an important process in chemical purification. 

< Hln r anahiyii x . — The analogies between crystalline and living forms 
have been pushed .still further, even to the verge of abuse. 

The internal and external symmetry of animals and plants has been 
compared to that of crystals. Transitions or intergradations have 
been sought between the rigid and faceted ai’chitecture of the latter 
and the flexible structure and curved surfaces of the former; the utric- 
ular form of sublimated sulphur on the one hand and the geometrical 
structure of the testa of radiolarians on the other are thought to show 
an exchange of typical forms between the two systems. An effort 
has even been made to draw a parallel between six of the principal 
main stems of the animal kingdom and the six crystalline systems. 
Pushed to this degrt'e the projmsition takes on a ])iierile character. 
R('al analogies will suffice. Among the.se the curious facts of crystal- 
line renewal (h'.scrve first place. 

2. CICATKIZ.^TION IN I.IVINi; BEINUS .AND IN CKY.STAI.S. 

We know that living beings not only po.ssess a typical architecture 
that they have themselves con.structed, but that they defend it against 
destructive agencies and that at need they repair it. The living 
organism cicatrizes its wounds, repairs los.ses of substance, regener- 
ates more or less perfectly the parts that have been removed; in other 
terms, when it has been mutilated it tends to reconstruct itself accord- 
ing to the laws of its own morphology. This phenomenon of recon- 
.stituti(m or redintegration, these more or less successful efforts to 
reestablish its form in its integrity, ajipear. at tirst sight, to be a char- 
acteristic feature of living beings. That is not the ca.se. 

Mat datum and redintcyration of cryxfalx. — Ch’vstals — let us .say 
crystalline individuals — show a similar aptitude for repairing their 
mutilations. Pasteur, in an early work, discus.sed these curious facts. 
Other experimenters, Gernez a little later and Kauber quite recently, 
took up the .same .subject and were only able to extend and confirm his 
observations. Cr\-stals are formed from a jirimitive nucleus as the 
animal is formed from an egg; their integral particles are disposed 
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according to efficient geometrical law.*^ .so a.s to produce the t3^pical 
form bj’ a constructive proces.s that ma^^ be compared to the embr\ o- 
genic process that builds up the bodv of an animal. Now this opera- 
tion ma_v be disturbed. bj^^ accidents in the surrounding medium or bv 
the predetermined intervention of the experimenter. The crvstal is 
then mutilated. Pasteur .saw that these mutilations repaired them- 
selves. "When.” said he, “a crvstal from which a piece has been 
broken off is replaced in the mother liquor, we see that while it 
increases in every direction l)y a deposit of ciw.stalline particles, an 
excessive activitv occurs at the place where it was broken or deformed; 
and in a few hours this suffices not onlv to build up the regular amount 
recjuired f(jr the increase of all parts of the crvstal, but to reestab- 
lish rcgularitv of form in the mutilated part.” In other words, the 
work of formation of the cry.stal is carried on much more actively at 
the point of lesion than it would have been had there been no lesion. 
The same thing would have occurn'd with a living being. 

Jl •chuu ixin tltr — (Tcrnez some vears later made known 

the mechanism of this reparation, or at least its immediate cause. He 
showed that on the injured surface the crystal becomes less soluble 
than on tlu' other facets, 'khis is not. however, an exceptional phe- 
nomenon. It is. on the contraiw. <[uite frequently observi'd that the 
difi'erent faces of a crystal show marked ditferiMua's in solubility. 
This is what oi'curs in (U'ery case for the mutilated fact' in couqtarison 
with the others; the matter is h'ss soluble tht'ri'. 'I'lit' consetjuenci' of 
this is evident; the growth must [treponderate on that face, sinci' there 
the mother litjuor will become supersaturab'il bt'fore being .so for the 
others. We may make tliis result understt)od in another way. Kach 
face of the crystal in contact with themothei’ litiuor is t'xpost'd to two 
antagonistic etfects; The matter deposited iqxm a surface may betaken 
awav and redissolved if. for any reason whatevei’. such matter becomes 
more .soluble with inference to the liquid stratum in contact with it; 
in the second place, the matter of that Ihpiid stratum may under con 
trarv conditions be deposited and thus increase the bodv of the ci’vstal. 
There is. then, for each point of the ciwstalline faci't, a positivt* oper- 
ation of deposit which results in a gain and a negative opt'ration of 
redissolution which results in a loss. One or the other etlect pri'dom- 
inates according as the relative .soliibilitv is greater or less for the 
matter of the facet under consideration. On tin' mutilated surface' it 
is diminished; deposition then prevails. l>ut this is onl\' the imme- 
diate cause of the phenomenon, and if wt' wish to know wh^' the' solu- 
bility has diminished on the mutilated surface M. Ostwald will explain 
it to us bv showing that crystallization tends to form a polyhedron in 
which the surface energy is a minimum relative. 
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NUTRITION IN THE LIVING BEING AND IN THE CRYSTAL. 

It has t)Pon said with justice that the property of nutrition may be 
considered as the most characteri.stic and e.ssential one of living beings. 
Such beings are in a state of continual exchange with the surrounding 
medium. They assimilate and disassimilate. By assimilation the 
substance of their being increa.ses at the expense of the surrounding 
alimentary material, which is rendered .similar to that of the being 
itself. 

AKxliiilhiilon (/roH'th hi the cryxfaL — There exists in the ciystal 
a property analogous to nutrition, a .sort of nutrility, which is the 
rudiment of this fimdamenbil propeidy of living beings. The develop- 
ment of a crystal start.s from a primitive nu(deus. the germ of the 
cri'stalline individual that we will .shortly compare to the ovum or 
embryo of a plant or an animal. Placed in a .suitable culture medium — 
that is to saj’. iii a solution of the substance — this germ goes on to 
develop. It assimilates the matter in solution, incorporates the parti- 
cles of it, and increases, preserving at the same time its form, repro- 
ducing its specific type or a variety of it. Its growth proceeds without 
interruption. The crystalline individual may attain quite a large size 
if we know how to properly nourish it — we might say. to purvey' to it. 
Very frequently, at a gi\'en time, a new particle of the crystal serves 
in its turn as a primitive nucleus, and becomes the point of departure 
for a new crvstal engrafted upon the first. 

Taken from its mother li(|uor, placed where it can not be nourished, 
the crvstal. arrested in its growtii. assumes a state of rest which is not 
without analogy with that of a seed or of a revivitied animal. It 
awaits the return of favorable coiulitions, the bath of soluble matter, 
in order to resume its evolution. 

'fhe crystal is in a relation of continual exchangt' with the surround- 
ing medium, which feeds it. 'these exchanges are regulated by the state 
of this Tiiedium. or, more exactly, by the state of the liquid stratum 
which is in immediate contact with the crystal. It loses or it gains in 
suV)stauce if, for example, that layer becomes heated or cooled more 
rapidly than it. In a general way it assimilates or disassimilates 
according as its environment is .saturated or diluted. 'I'here is, then, 
in this a sort of mobile etjuilibriiun, comparable, in some way, to that 
of the living being. 

Ah-thoilx u f (jrou'th of the rryxtul ond of the Jii'hoj hehof — hit nsxuxeej)- 
tion — Apposition. — In truth, there .seems to be a complete opposition 
between the eiystal and the living being as regards their manner of 
nutrition and growth. Thi“ latter performs this by intu.ssu.sception; 
the formei’ by apposition. 'Fhc* crystalline individual is all surface. 
Its mass is impenetrable to the nutritive materials. Since onlv the 
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surface is accessible, the incorporation of similar particles is possible 
only by exterior juxtaposition, and the edifice increases only because 
a new laj erof stones has been added to those which were there before. 
On the contrary, the body of an animal is a mass eminently- penetrable. 
The cellular elements that compose it have forms that are more or less 
rounded and fiexible. Their contact is bj' no means perfect. They do 
not have either the stillness or the precision of adjustment (hut the 
crystalline particles have. Licjuids and gases from without tt ’ insin- 
uate themselves and circulate within the meshes of this loose construc- 
tion. Assimilation can therefore take place throughout its whole depth, 
and the edifice increases because each stone increases by itself. 

21u‘ xednulanj and comnionplace character of the procem of Intussus- 
ception. — The apparent opposition of these two processes is doubtless 
diminished if we compare the simple mineral individual with the ele- 
mentary living unit, the crystalline particle with the protoplasmic 
mass of a cell. Without carrying an analysis so far as this, it is yet 
eas\’ to see that apposition and intussusception are mechanical means 
thatliving beings employ at one and the same time and combine accord- 
ing to their necessities. The hard pai-ts of the interior and exterior 
skeleton increase, both by interposition and superposition at once. It is 
by the last method that boiu-s increasi' in diameter, and that are formed 
the shells of mollusks, the scales of reptihcs and fishes, and the testa of 
many radiate animals. In these organs, as in crystals, life and nutri- 
tion occur at the surface. 

Apposition and intussusception are then set’ondarv. mechanical 
arrangementshaving relation to the physical charactersof these bodies; 
Solidity in the crystal, semifiuidity in the cellular protoplasm. If we 
compare the inorganic rupiid matter with th(‘ semiHuid oi’ganized 
mutter, we recognize that the addition of substance is made in the same 
manner in each, tliat is tt) say. by interposition. If we add a soluble 
■salt to a tluid. the molecules of the salt .separate and interpo.se them- 
selv'es between those of the tluid. I'lnn’e is. thi'refore. nothing espe- 
ciallv mysterious or particularly vital about the process of intussus- 
ception. Applied to tluid protoplasm it is merely the diffusion that 
ordinarily occurs in mixed liciuids. 

Vll. 

GENEKATIOX IN BRUTE BODIES AND LIVIN(i B( )DIES— SPONTANEOUS 

CENEKATION. 

We have not yet exhausted the analogies between a crystal and the 
living being. The possession of a specific form, the tendency to 
reestabli.sh it bv redintegration and the existence of a sort of nutri- 
tion do not suffice to constitute a complete similarity. It .still lacks a 
fundamentiil character, that of generation. Chauffard, .some time ago. 
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in an attack which he made upon the physiological ideas of that time, 
characterized the weakness of that point. “Let us disregard,” he 
said, ’‘those interesting facts relative to the acquisition of a typical 
form — facts that are common to the mineral world as well as to living 
beings. It is none the less true that the crystalline type is in no way 
derived from other preexisting types, and that nothing in crystalliza- 
tion recalls the actions of ascendants and the laws of heredity.” 

Since his time this gap has been filled. The works of Gernez, of 
Violet, of Lecoq de Boisbaudran, the experiments of Ostwaid and of 
Tanunann, the observations of Crookes and of Armstrong — all this 
series of researches, so well summarized by M. Leo Errera in his 
essays upon philosophical botany, had for their result the establish- 
ment of an unsuspected relation between the processes of crvstallization 
and those of generation in animals and plants. 

l*i‘otojjlasiii A « font inn i)ig snhutiinct — tl^ecuseof tin; fryxtal. — Under 
the conditions of the present time a living being of an\’ kind springs 
from another living being similar to itself. 

Its protoplasm is always a continuation of the protoplasm of an 
ancestor. It is an atavic substance which we do not see begin, which 
we onh’ .see continue. The anatomical element comes from a preced- 
ing anatomical element, and the superior animal itself comes from a 
preexistiiii!' cell of the material organism, the eg’g. The ladder of 
filiation reaches back indefinitely into the past. 

We shall sec that there is something analogous to this in certain 
crystals. They are born fi’om a preceding individual; they may be 
considered as the posterity of the antecedent crystal. . If we speak of 
the matter of a crystal as tin- luiitter of a living being is spoken of in 
cases of this kind, we should be led to sa\' that the crystalline sub- 
stance is an atavic substance of which we see only the continuation, as 
occurs in the case of protoplasm. 

Chai’iictf i‘i-'<tn-x o f jcnn'iition m tin lii'nnjhi iug. — Growth of the liv- 
ing substance, and consecpiently of the being itself, is the fundamental 
law of vitality. Generation is the necessary consecpience of growth. 

Living elements or cells can not subsist indetinitely without increas- 
ing and multiplying. There is certain to be a time when the cell 
divides, either directly or indirectly, and soon instead of one cell there 
are two. This is the method of generatit)n for the anatomical ehmient. 
In a conqilex individual it is a more or less restricted part of the 
organism, usually a simple sexual cell, that takes on the formation of 
the new being and consequently assures the perpetuity of the proto- 
plasm and, through that, of the species. 

Projn-rtij of jnoirt It , — Its xnpjnisitl erst vict ion to tiring hrings . — At 
tirstit would appt'ar that nothing like this occurs in inanimate nature. 
The ])hysical machine, if we furnish it matter and energy, would sc'cm 
to go on working iiuh'tinib'ly without being obliged to increase and 
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reproduce itself. There is, then, in this an entirely new condition 
peculiar to the orgunized being, a property' well adapted, it would 
seem — and this time without any possible doubt — for separating liv'- 
ing matter from brute matter. It is not ,so. 

It would not be impossible to imagine a .s 3 ".stem of chemical bodies 
organized like the animal or vegetable economy, so that a desti’uction 
would be compensated for by a growth. What is impossible is to 
realize the supposition of M. h^ Dantec, a destruiTion that wt)uld at 
the same time be an analysis. And an additional perplexity occurs 
when he supposes that in the successive acts that havi' taken place 
exchanges of material may occur. 

There is no necessity for making this impossible chemistiy a char- 
acteristic of the living being. The chemistry of the living being is 
general chemistry. Rerthelot repeated this after Lavoisier. These 
t('achings of the masters should not be lost sight of by us. 

Let us return to geiu'ration, properly so called, and find then^ the 
characteristics of brut(' bodies — of crv.-'tals. 

Thf xiiirl iKj nf iiui-ni-Diyaiui^iiix. — When a micro-biologist wishes to 
propagate a species of micro-organisms h(> <-harg('s a culture medium 
with a small number of individuals (one is all that is actuall\’ neces- 
sary) and soon ob.M'rves their rapid multiplication, rsuallv. if only 
ordinary micnobes that exist in atmospheric dust are wanted, the oper- 
ator is not obliged to take the' troubh* of charging the culture; if the 
culture tube remains open and the medium is suitably chostm, some 
germ of a r’ommon specie's will fall in and the liepiid will become col- 
onized. This has the appearance of a spontainsnis generation. 

The sovTnuj of c/7/.vp/7,s-.— Concentrated solutions of vai-ious sub- 
stiinces, supersaturated solutions of sulphate' eef seeela. sulphate' of 
magnesia, aiiel chherate of soda are' aLee weenderfnl e-ulture meelia for 
certain mineral eerganic units — ce'rtain e-rystalline' ge'rnis. Ch. Dufe)ur. 
experimenting with water ceeolcd be'low o C.. its point eef seeliditie'U- 
tion, Ostwald, with salol kept be'low its point eef fusion. 1am- 

mann. with betol. which melts at . and. before them, (re'rnez, with 
melted phosphorus anel sulphur — all these' jrhvsicists have sheewn that 
liquids in surfusion are alse) meelia speoiallv tippreeju'iate for the cul- 
ture and preepagatieui eif e'e'rtain kinds of crvstalline individuals. 

Some of these fae-ts have' be'ceane e-lassie-. LeUvitz sheewe-d in 1785 
that a se)luti(tn of sulphate' eef soda (-e)idel be- e-eene-entratcel ly e'vapora- 
tion St) as to contain more- salt than was conformable with the te'inper- 
ature. vet without th'peesiting the t'xce-ss. If. heeweve-r, a solid 
fragment, a crvstal of salt, was thrown into the- liejiU)!-. that excess 
would soon pass into the- state eef a e-i-vstallize-ei mass. 1 he- first e-r\s- 
tal engenelere-el a second similar tee itse-lf; the- latte-r e-nge-ntlered a 
third, and so on freem eene' tee the- eether. If we- e-ompare this phe-nom- 
euon with that eef the- rapiel multiplication eef a speecie-s eef micreebe's in 
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a suitable culture medium, but one important difference will be per- 
ceived — the extreme rapidity of propajjation of the crystalline germs 
as opposed to the relative slowness of the generation of the micro- 
organisms. 

The crvstalline individual gives birth, then, to another individual 
that conforms to its own type, or ev'en to varieties of that type when 
such exist. Into the right bmnch of a U tube tilled with sulphur in a 
state of surfusion Gernez dropped octahedric ciwstals of sulphur, and 
into the left branch prismatic crystals. On either side were produced 
new crvstals conforming to the type that had been sown. 

ISiftillzutlitn o f crystalline inedtu and liriny nudiu. — Ostvvald varied 
these experiments with salol. He melted the substance b}- heating it 
above 39.5"' t’.; then, protecting it against any crystals, he let the 
solution stand in a closed tube. The salol remained liquid indefi- 
nitely — until it was touched with a platinum wire that had been in 
contact with solid salol; that is to say, until a crystalline germ was 
introduced. But if the platinum wire has been previousl}^ sterilized 
after the manner employed b\' bacteriologists, by passing it through 
a flame, it can then be introduced into the liquor with impunity. 

The dimetisions of crystalline yenns are comparahle fa those of 
niicrohes. — We may dilute the solid salol with an inert powder — sugar 
of milk, for example — dilute the first mixture with a .second, the sec^ 
ond with a third, and so on; then, throwing into the solution of sur- 
fused .salol a tenth of a milligram from one of these various mixtures, 
we find that the production of crystals will not take place if the frag- 
ment thrown in weighs le.ss than a millionth of a milligram or meas- 
ures less than ten thousandths of a millimeter on a side. It would 
seem, then, that these are tin' dimensions of the crystalline particle or 
crystallographic molecule of salol. In the .same way Ostwald became 
assui'cd that the crvstalline germ of hyposulphite of soda weighs 
about a billionth of a milligram and measures a thousandth of a milli- 
meter; that of chlorate of .soda Aveighs a ten-millionth of a milligram. 
The.se dimensions are entirely comparable with those of microbes. 

All the.se phenomena have been studied with a dtdail into which it 
is impossible to enter here, and which clearly shows more and more 
clo.se analogies between tin* formation of crystals and the generation 
of micro-organi.sms. 

Extifixsion and propayatam of mptaJlizathyn — OjjtlinHin tempera- 
ture <f Incahation. — Crystallization which has commenced around a 
germ is propagated more or less rapidly and ends by invading the 
entire liquor. 

The rapidity of this movement of extension depends upon the con- 
ditions of the environment, particularly upon its temperature. This 
is .shown A'ery well by the experiments of Tammann with betol. This 
body, a salicylate, of naphthyl, fuses at 9t! C. If it is melted in tubes 
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sealed at a temperature of lOU"^, it be cooled to lower and lower 
temperatures, to+70-, to+25'^, to+lO', to — 5'-, without solidif\dng. 
Let us suppose that by some combination of circumstances a small num- 
ber of centers of crystallization — that is to say, of crystalline germs — 
has appeared in the solution. Solidilication will extend slowly at the 
ordinary temperatures of 20'^ to 2.'>' and the neighborhood. On the 
other hand, it will be propagated with great rapidity if the li(juor is 
kept at about TU . This point, 70 , is the thermic optimum for the 
propagation of germs. It is the mo.st favorable temperature for what 
nright be called their incubation. As soon as thi' germs find them- 
selves in a liquor at 7(> they increase, multiply, and show that they 
are in the best conditions for growth. 

SjpmitaiitDm generation of crystals — Optiinuni temperature yor the 
appearance of gei'nia. — If we consider various supersaturated solu- 
tions or liquids in surfusion, we shall .soon discover that they can be 
arranged in two categories. Some remain indefinitely liejuid under 
given conditions unless a crystalline germ is introduced into them. 
Other's solidify spontaneously without artificial intervention: and such 
crystallization may even be propagated very rapidly under determinate 
conditions. These are for them conditions favoring tin' spontaneous 
appearance of germs. 

This distinction between subshinces pos.se.ssing crystalline genei’a- 
tion by filiation and substances having crystalline generation that 
arises spontaneously is not specific. The same substanct' may present 
the two methods of generation according to the conditions in which it 
is placed. Betol fui'iiishes a goorl example of this. Liquefy it at 
in a sealed tube and keep it by means of a stove above 3i» . and 
it will remain li([uid almost indefinitely. On the other hand, lower 
its temperature and leave it for one or two minutes at in and germs 
will appear in the liipior; pi'olong the exposure to this degiee of heat 
and the number of these spontaneously appearing germs will rapidly 
increa.se. On the other hand, you will ob.serve that pro})agation by 
filiation, that is to say, by extension from one to another, is almo.st 
absent. The temperature of lo is not favorable to that im'thod of 
generation, and we have just .seen, in fact, that it is at a temperature 
of about that extension of crystallization from one to another is 
best accomplished. The temperature v>f 7U was the optimum for 
propagation by filiation. Inversely, the temperature of 1(L is the 
optimum for .spontaneous generation. Above and below this optimum 
the action is slower. We may count the centers of crystallization 
which .slowly extend farther and faidher, as in a microbic culture one 
counts the colonies corresponding to the germs primitively formed. 
To recapitulate, if there is an optimum for the forim tion of crystals 
there is also one, diti'erent from the first, for their rapid extension. 



428 


THE LIFE OF MATTER. 


The Dieinntahle and laTde zones . — This fact is general. There is for 
each substance a set of conditions (temperature, degree of concen- 
tration. volume of the solution) in which the crystalline individuals 
can ))e produced only by germs or by filiation. This is what occurs 
for betol aliove the temperature of 30 '. The body is then in what 
Ostwald has called a nufastidde zone. There is, however, for the 
same body another set of circumstances more or less complex, in 
which its germs appear spontaneoush'. This is what happens for betol 
at about the temperature of lo . These circumstances are those of the 
lahde zone or of spontaneous genemtion. 

Ci'yst(ds of glycerin . — We may go a step further. Let us suppose, 
as does L. Errera, that we have a liquid that is found in a state of 
metastable equilibrium and whose labile equilibrium is yet unknown. 
This is what actually occurs for a very widely known body, glycerin. 
We do not know under what conditions glycerin ciystallizes spon- 
taneously. If we cool it, it becomes A'iscous; we can not obtain its 
crystals in that way. We did not even obtain its crystals in anv wai' 
before the year 1867. In that I'ear, in a tun sent from Vienna to 
London during winter, crystallized glycerin was found and Crookes 
showed these crystals to the Chemical Society of London. What cir- 
cumstances had determined their formation' We wert> ignorant of 
them then and are still ignorant of them. It may be said that this 
case of s])ontaneous generation of the crystals of glycerin has 7iot 
remained isolated. i\I. Henninger has noted the accidental formation 
of glycerin crystals in a manufactory of St. Denis. 

It may be remarked that this crystalline species a]>peared, as living 
•species niav have done, at a given moment in an environment in which 
a favorable chance combined the conditions for its production. It is 
also ((uite comparable to the creation of a living species; for having 
once appeared, we have been able to perpetuate it. The crystalline 
individuals of l.SbT have had a posterity. I'hev have been .sown in 
glycerin in a state of surfusion and there reproduced themsehes. 
These generations have been sufficiently numerous to spread the species 
throughout a great part of Europe. M. lloogewerf showed numerous 
examples of them tilling a great flask to the Dutch naturali.sts who 
met at Utrecht in iSKl. jM. L. Errera presential others in June, ISlffi, 
to the Society of Medical and Natural Sciences at Brussels. To-day 
the great manufactory of Sarg ct (_'o., of Vienna, engages in their pro- 
duction on a grand scale for indu.strial purposes. 

We have been able to .study this ciy.-talline s 2 )ecie.s of glycerin and 
to determine with j^recision th(7 conditions which permit it to subsist. 
It has been .shown that it does not resist a tempc'rature of 18 , so that 
if precautions wi're not taken to preserve it, a single summer would 
suffict' to annihilate all its crystalline individuals that (‘xist on the 
surface of the glol)e, and thus extinguish the sjx'cit's. 
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Pomihh extinctim of a crystalline sj)ecies . — As these crystals melt at 
18^, that temperature represents the point of fusion of solid glycerin 
or the point of solidification of liquid ghx-erin. Yet the liquor does 
not solidify at all if its temperature falls below 18'', nor does it solid- 
ify at zero, nor even at 18- below zero, it merely thickens and becomes 
pasty. We only know glycerin, then, in a state of surfusion,- a fact 
which chemists have not learned without amazement. 

With these conditions, .so analogous to the appearance of a living 
species, to its unlimited propagation and to its e.xtinction. the mineral 
world offers a quite faithful counterpart to the animal world. 'Fhe 
living being illustrates here the hi.story of the brute body and facili- 
tates its exposition, and, inver.sely, the brute body in its turn throws 
a reinarkalffe light on the subject of the li\ ing body and upon one of 
the most serious problems relative to its origin, that of spontaneous 
generation. 

Canclatfion . — These facts lead toasingle conclusion. Upto the time 
when the concourse of propitious circumstances favorable to their 
spontaneous generation was t)rought about, crystals were obtained only 
by filiation. Up to the time of the di.scovery of electro-magnetism 
magnets were made only by filiation, by means of the simple or double 
application of a preexisting magnet. Before the discovei-y which fable 
attributes to rrometheus, every now fire was produecsl only by means 
of a spark derived from a preexi.sting fire. We are at tin* same his- 
torical stage as regards the living world, and it is for this reason that 
never up to this time has there been formed a single particle of living 
matter except by filiation, except by the intervention of a preexisting 
living organism. 




THE CRANIOLOGY OF MAN AND ANTHROPOID APES. 


By N. C. Macxamaka/' 

Ftlhur (jf the Jtiiyal (jiUfije u/ Sii rijfoins iif EnyUind, and also of llie li. C. <S’. of Ireland; 
felloir of the Odnithi Uniivrsity. 


[Tile Hunterian oration delivered on Tluir>day, February 1-4. lyOi. at the Royal (’ollege of iSnrgeons 

of England.] 

Ctextlemkn: M'e have as.seiiibled here to-day in order that we may 
commemorate the mei it.s of John Hunter and .such other persons whose 
labors have contributed to the extension of our knowledge in compara- 
tive anatom}-, physiology, or surgery. Hunter's life, in all its various 
aspects, has been so frequently dwelt on in former orations delivered 
in this theater that it is beyond my power to throw any fresh light on 
this subject. His fame is attributable to his having possessed an 
intense love of science, indomitable energy, and a self-reliant, manly 
chaiacter. If we turn to his portrait hattging on the walls of this 
theater it would seem that at the time this likeness was painted Hunter 
was engaged in the study of the craniology of man and anthropoid 
apes, for on the table before him there is an open volume, and on its 
pages Ave see clearly drawn a human skull and the skull of a chim- 
panzee. Hunter is portrayed pen in hand, in deej) thought, having 
just turned aAvay from the book he had lAeen .studying; and though his 
notes on comparative anatomy Avere unfortunately de.stroyed with his 

" Reprinted by permission from edition published by the author. London: Smith, 
Elder & Co., 1901. 

tThe chart [here made into several plates] accoiupanyiiif; the text of this oration 
was compiled from photographs of casts and of skulls in the museum of the Royal 
College of Surgeons of England. These photographs, Avith four exceptions, were 
taken by Air. (leorge in the photographic room on the <-ollege i)remises by kind 
permission of Prof. C. Stewart. The four exceptions includ* three photographs 
from skulls in the Thurnam collection, forming a part of the anatomical museum of 
the Eniversity of Cambridge, for w'hich I hav'e to thank Dr. J. Griffiths, and the 
fourth is a photograph of one of the Mentone skulls, for which I am indebted to 
A. J. Binny, esq. The other specimens shown on the chart w ere on the table, and 
were referred to during the oration. The portrait of John Hunter hanging on the 
wall of the theater belongs to the college, and was painted in the year 178-5 by Mir 
Joshua Reynolds. The oration is published at the retjuest of the council of the 
college. — N. C. Macnamara. 

13 Grosvenor street W., Alarch, 1901. 
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other manuscripts, we can hardly doubt thiit craniology was a subject 
in which he was deeplt' interested, or it would not have hidd so promi- 
nent a position in this famous picture. It would therefore seem that 
on an occasion such as the present we can do no higher honor to 
Hunter's memory, and to that of some of the able men of science who 
have followed him. than by endeavoring to give, in as few words as 
possible, a resume of their labors, with especial reference to the sub- 
ject of craniology and the light which it is capable of throwing on the 
prt'historic inhabitants of western Europe and of tht' evolution of the 
rac(' of men to which we belong. One of the most l)rilliant and orig- 
inal thinkei's who have' occupied the presidential chair of this college. 
Sir William Lawrence, in his ever memorable lectures on the natural 
history of man. delivered in this <-ollege in the year IISIP. from his 
researches in comparative anatomy foreshadt)wcd the idea that man 
and apes were derived from common ancestors. Lawrence's opinions 
were received with a storm of adverse criticism. Hr. Abernethy. for 
instance, charged him with ■'propagating opinions detrimental to 
society, and endeavoring to enforce them for the purpose of loosening 
those restraints on which the welfare of mankind depend." Time, 
however, has proved that Lawreius' was right, and in thi‘ course 
of lectures delivered in this theater in Eebruary. 1S!)!>. Professor 
Keith, from a careful analysis of the maximum number of anatomical 
characters common to man and ape-, andved.at the conclusion that 
they aredcri\ (‘d from an idcnttical oi’a kindred stock. A’hile ailmitting’ 
without reserve that man and ajM-s aia* structurally almost identical, 
ne\ertheless, as pointed out by Professor Huxley in the year l8t!3, 
they differ very materially as rt'gards tin* r(dative size and weight of 
their brains, as well as in the complexity of its convolutions. The 
carcass of a full-grown gorilla is heavier than that of an average-sized 
Euro})ean, but it is doubtful whethei- a healthy adult European's brain 
ever weighed less than 32 ounces, or the brain of the heaviest gorilla 
ever exceeded 20 ounces in weight." Altliough at the present time 
there is this marked relative ditference between the weight of the 
brain and the form of the skulls of Europeans and ajics. this was not 
always the case, for tlie calvaria of the earliest discovered human 
beings were in form not very far removt'd from tho.se of contemporary 
anthropoid apes. This fact leads us to in((uire into the nature of the con- 
ditions which have led to the increased capacity of the human cranium, 
and to the va-t superiority of man's intellectual endowments over 
those of all the other primates. If we turn to Hunter's preparations in 
our museum'' we tind among them some remarkable specimens, which 
he describes as ” compre.s.sed," •' unsymmetrical" human crania, 
which he believed were the result of premature con.solidation of one 

"Man’s Place in Nature, V)y Prof. T. Huxley, p. 108. 

''College Catalogue, Nos. 18.5, 137, and 139. 



THE CBANIOLOGY OF MAH AND ANTHROPOID APES. 433 


or more of the sutureis of the f>kull. Profesi.sor Virohow states that 
“in the too early ossification of a suture of the skull the develop- 
ment of the cranium is arrested in the diameter perpendicular to that 
center." Since Hunter's day various authorities have devoted much 
time to the subject of the abnormal closure of the cranial sutures in 
man. Prominent among them are the names of the chief of England's 
craniologists, Drs. Thurnam, Beddoe, and Barnard Davis (the splendid 
collection of prehistoric and other skulls made bj’ the latter gentleman 
is now in the possession of our college), and we have come to learn 
that the size and shape of the skull depend, to a large extent, on the 
growth of the bones of which it is formed along the lines of the 
various cranial sutures, a subject to which I have referred at some 
length in my book on I'he Origin and Character of the British 
People. 

It is well known that the frontal bone, whicli forms the vault of the 
anterior part of the cranium in the young of man and apes, is divided 
b^' a suture, and so long as this line of growth, together with the cor- 
onal and other sutures by which the frontal is separated from sur- 
rounding bones, remains open, the fore part of the skull, and with it 
the anterior fossie which it incloses, can expand. But if the frontal 
and the other anterior sutures of the cranium consolidate early in life 
the fore part of the skull can not increase in capacity l)eyond the size it 
had reached in infancy. Profes.sor Deneker'' in his woi k on the embry- 
ology and development of anthropoid apes ha.- slu)wn that in conse- 
rpience of the early closure of the anterior sutures of the skull of these 
animals the fore part of their brain does not increase beyond the size 
it had attained at the end of the fir^t year of life; but in man these 
sutures do not consolidate imtil a much later period, so that the ante- 
rior lobes of his brain are enabled to expand, and actually l)ecome far 
more perfectly developed than the eoi-responding' lobes among anthro- 
poid apes. 

.Cmong these apes, in consequence of the great size of their frontal 
sinuses and the roofs of the orbits rising more obliijuely into the 
cranial cavity, the anterior and the inferior walls of the anterior fossae 
of their skulls intrude upon and lessen the capacit’ of this space, and 
therefore of the anterior lobes of the bi-ain which are contained in 
these fossa*.'' Virchow states that "of all parts of the ape's head, it 
is the brain that grows least:" even -'the largest ape keeps its baby 
brain." Although we have not sufficient data to fix the absolute 
duration of the life of anthropoid aj)es, it is doubtful if the}', as a 
rule, attain the age at which man arrive-- at his full growth. It is, 

" Areliives de Zoolcifiie expi'riiiientalf et jn'uerale, tome tmisieme, annee 18S5. 

''See Prof. D. .1. ('uniiiiivliam's work on .Surface .Vnafoniy of Cerebral Heiiii- 
sphere.s, p. tiSti. 

SM 1902 
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however, certain that the larjfcst apes are perfectly developed when 
man i.s still in his v-outh. and that the ape’s brain has reached |jerfec- 
tion before the period of slaalding its teeth, while in man it then takes 
its real first step to perfection, men of the same bulk as these apes 
havino- foui- times as much superficial brain surface." 

Whatever other functions the anterior lobes of the brain perform, 
the specific structure of their cortical nerve elements, in conjunction 
with those of the other lobes of the brain, controls our associative 
memory and our higher intellectual faculties. If we study the collec- 
tion of preparations of the brains of apes in our museum we must 
arrive at a similar conclusion to that expressed by Professors Edinger 
and E). .1. Clunningham, which is that the g^'ri (or convolutions) of the 
brain of man and of the anthropoid apes are to a large extent similar 
in anatomical characters, with the marked exception of those convolu- 
tions which enter into the formation of the frontal lobes. The supe- 
rior and the middle gyri of these lobes in anthropoid apes are alwav's 
much shorter than they are in the brains of average Europeans, and 
what is of especial importance in the brains of anthropoid apes, the 
inferior frontal gyri exist only in a rudimentary condition of devel- 
opment. This deficiency is very marked with l espect to that area of 
the left inferior gyrus which contains the nerve elements which con- 
ti’ol our faculty of articulate language. It seems probable that the 
rudimentary condition of this gyrus in apes is therefore the anatom- 
ical expression of the inferiority of these animals to man in intelligence, 
our intellectual development depimding mainly on our possessing the 
faculty of speech.'' It may be. anthropoid apes having only rudimen- 
tary. if any. specialized areas of tin* cortical nei've eh'ments which 

“The Cranial Aflhuties nf Alan ami A[>cs, h_v Prof. li. Vinhow, ]>. Also Jour- 
nal of Anat. and Phys., new series, Vol. Xlll, p. 'JTo. 

'^Tlie Anatoiu) of the Central .Nervoim Systeni of Man, Pi'of. t.uduiy Edinger, 
At. !)., translated from the lifth tleriiian cilitioii hy Prof. \V. S. Hall, ISSti, jip. 1!4, 
210. Edinger remarks that '‘xery gradually the iiiantlc of the einhryonic brain 
increases in extent, ascending in the vertebrate series. In the ajies belonging to the 
cla.ss of primates it has attained an expansion which borders closely on the relations 
found in man. Nevertheless, an important factor, besiiles more unessential relations, 
still sejiarates it from the stage reached by man. The frontal lobe, still very small 
in the lower apes, attains a huge .size in the liigher apes, but always remains much 
inferior to that of man. In man, even, this develo[miental jirocess is nowise ter- 
minated as yet. Differences still plainly occur iu the region of the frontal lobe 
which allow us to infer the possibility of fui'ther perfei-ting. The interim' region of 
the frontal lobe, which contains the center' of articulate speech, ami shows very 
marked variation' in develojanent, i' the part more partii'ularly concerned.” 

Prof. D. J. Cunningham state' that “one of the most r'emarkable chai'acters of tho 
terebrum of the I'himpanzei* and orang i.' the total ab.'euci' of the fi'outal and orbital 
I ipercula. or the par's triangularis, which contaitts Broca's nerve cerrter for ar ticulate 
speech. ( onti'ibutiorrs to the Sur'face .Anatomy of the Cerebral llenrisjrheres, by 
Prof. D. .1. Cmmingluim, Dirblirr, hsug, pp. 110, :!ll.-). where he states that “the 

inferior frontal convolution of the ape is very differetrt from that of man.” 
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reg'ulate the apparatus necessary for the production of articulate 
speech, that the other parts of their anterior lohes have remained in 
a comparatively undeveloped condition; whereas the left inferior 
frontal lol)(' of man's brain having become highly specialized, and 
with it his power of language, the other convolutions of his anterior 
lobes, which govern his intellectual faculties, have been stimulated to 
increased action, and in this way the characteristic expansion of the 
fore brain has been evolved among all the more highly civilized races 
of the human family. 

But our contention is that the factors which govern the growth of 
the skull differ from those which develop the l)rain. and that the 
imperfect evolution of tin' frontal lobes among anthropoid apes is to 
a large extent due to the pnauature ossification of that part of the 
skull which incloses the fore brain and to the remarkable convexity 
of the orbital plates of the frontal hone. However this may be, the 
possession of fully developed anterior lobes of the brain, especially of 
its left inferior gyrus, is th(' distinctive character of the central ner- 
vous system of all those families of mankind who possess well-developed 
iutelh'etual capacities. On the other hand, if we coinpai’c the skull of 
an Englishman (with a cranial capacity of l.o75) with that of one of 
the natives of northern Australia (with a cranial cai)acity of EUlb)? 
we see what a wide difference there is betwee7i the development of 
their frontal regions and also as to the nature of the sutures of their 
skulls." (This point is clearly illustrated in the j)hotographs taken from 
the skulls of "existing races t)f men," as shown in the lower sect ion 

"PnifcfMir Huxley lielil tliat the organization of the hiiiiian brain laid more to do 
with man’s intelle<-tual superiority than either it.s weight or .size, and there can l>e 
no (|Uestion that men having small heads are by no means neces,~urily wanting in 
mental caiiaeity; lint a well-de\ e!o[ied frontal region is a eharaeteristie feature of all 
the more highly civilized eommnnities of the world, and among such people low 
intellectual endow ment~ or even idiocy is found to he com]iaratively frequent in tho-se 
with abnormally small frontal lobes (see note, p. 10:!. ^lan s I’lace in Nature). W'e 
agree fully w ith Professor Huxley that among all the known races of human beings 
the brain and its incluiling ease, the skull, grow together, and the former does not 
exercise an absolutely i>redominating influence over the development of the latter. 
But it is certain that if the anterior part of the skull becoiiie' a '■ shut ’".x” early in 
life, it must control the sub.se<]uent .“ize ami development of the brain which it con- 
tains. Professor Welcker, w ho stndieil this subject in a thorough Teutonic spirit, 
arrived at the conclusion that in Euro])ean ra<-es the frontal suture remains opens up 
to the adult jieriod ipf life in one out of nine iiersons. .Vmong African races it is not 
found open at the ailnlt period of life in more than one in one hundred and fifty 
[lersons; and among the aborigines of Australia no ailult skull has yet been observrsi 
with an open frontal suture. The well-known hrench anatomist Gratiolet states as 
a result of hw researches that "not only tin- glow th of the brain cea.ses sooner in 
those racesin which the sutures close early, but als*>that there is a plifferciu'e between 
the higher anil lower races as to the order in which the suture.- are clo.-ed normally. 
In the latter the anterior sutures consolidate liefore the posterior, and in the higher 
races it is the reverse; the posterior sutures close earlier than the anterior." M. 
Gratiolet bases an argument for the greater jierfectibility of the higher races ujion 



43 <) THE CEANIOLOGY OF MAN AND ANTHROPOID APES. 


of the chart which accompanies this oration.) We shall discover from 
specimens in our museum that the inhabitants of western Europe in 
the later Tertiary and early Quaternary period, as regards the ossifi- 
cation and form, especially of the frontal region of their skulls, more 
closely resembled that of the chimpanzee than the race of men now 
inhabiting Europe." 

Since Hunter's and Lawrence's time considerable progress has been 
made in the sciences of geology and anthropology. Xeverthele.ss, in 
our search for knowledge concei-ning the origin and development of 
prehistoric man in western Europe, we are still hami)ered by the lim- 
ited supply of his remains. It could hardly have been otherwise, 
considering the perishable nature of the human skeleton and the vast 
length of time and the great geological changes which have occuri-ed 
since man appeared in our part of the world. But we have additional 
evidence concerning the prehistoric inhabitants of this part of Europe, 
for they have left us some of their imperishable handiwork in the 
shape of Hint and stone implements, which, during the pa.st century, 
have been carefully studied in relation to the geological strata in 
which they were discovered, bj' Lord Avelmry. Professors Boyd 
Dawkins and Prestwicb, Sir John Evans, the late Sir William. Flower,* 
together with many other English and foreign anthropologists. A 
few characteristic specimens of these Paleolithic flint instruments 
which have been unearthed in pre-Glacial and in inter-Glacial forma- 
tions in various parts of England may be seen on the shelves of our 
museum, which also holds casts and the skulls of the Neanderthal group 
of men. From the form and workmanship of these stone implement.s 
we are now able t<j classify and assign them to the various periods in 
which they were manufactured by the early inhabitants of our part of 
the world. 

these filets. t)n the ottier haml. Prof. I. Kditiirer is ili.sposeil to afjree with the 
late Profe.ssor Peris, that not a few men of [ireeuiinent intellectual power have in 
early life been affected with ,“li;^lit hydrocephalus, w hich, having abnormally 
e.xpanded their skulls, has then receded. The brain of such young people has been 
able to attain a greater cajiacity than it would have aeipiired had there been no 
hydrocephalus to expand the skull <-ap. (The Anatomy of the Central Nervous 
Sy.stem of Han, by L. Edinger, M. I)., translateil from fifth (.lernian edition by 
Prof. W. S. Hall, p. 206. 1 

"The Origin and Character of the British People, hy N. ('. Alacnaniifra, p. 25. 

''Sir 'William Henry Flower, K. C. B., FA R. S., died on .July 1, 1S99. He was for 
some years the i-onservat<jr of the Museum of the Royal College of Surgeons of Eng- 
land, and the council of the college unanimously passed the following resolution at 
their meeting on , Inly 12, ISSJh: . 

“ The council hereby I'xpress their deep regict at the death of Sir William Henry 
Flower, K. C. B., F R. S., and their siiu-ere sympathy with hady Flower and the 
members of his family. The council remember how much Sir William Flower, 
while consercator, did to advance the utility anil reputation of the museum by the 
skillful discharge of his duties, and by the eminent position which he won for him- 
self among men of science, and they hereby record their grateful appreciation of his 
services to the college.” 
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Up to within recent times it was held that no human beings existed 
on the earth before the Quaternary geological epoch. But in the 5 ’ear 
1867 the Abbe Burgeois exhibited a collection of chipped flint weapons 
which he had discovered in a previously undisturbed Tertiary forma- 
tion; it was not, however, until 187;i that these instimments wer-e 
admitted to have been made by man or some other animal livdng pre- 
viously to the commencement of the Quaternary period. Precise!}’ 
similar flint weapons have since been discovered in Tertiary strata in 
various localities in Europe, and in Asia. 

In the year 1894 Dr. Eugene Dubois found the upper part of a 
human skull (calvaria) in close proximity to a femur, and two molar 
teeth in a well-detined Tertiary geological formation in the island of 
Java. Dr. Dubois was employed by the Dutch Government to 
examine and report on the fo.ssil-bearing strata of Java, and while 
engaged on this work he discovered embedded in a hard mass of Ter- 
tiary tufl's the bones above rehu-red to. He brought these fossils to 
Europe and submitted them for examination to the leading anatomists 
of this and other countries. They concurred in the opinion that the 
femur was a human bone belonging to a man of a very low type, and 
which showed ' ’ that while it rendered its jmssessoreapable of the bipedal 
mode, of locomotion, he still retained some vestiges of adaptation to an 
arboreal e-xistemce.’'" There was a difference of opinion concerning 
the calvaria, for it was calculated the capacity of this skull did not 
exceed 8.50 c. c. The cranial capacity of the largest anthropoid ape 
is 6U0 c. c. Until the Java skull was found the earliest known human 
skulls had cranial capacities of about l, 2 :i 0 c. c. After a complete and 
exhaustive analysis of the anatomical chai-acters of the Java calvaria, 
as compared with the skulls of man and apes. Profe.ssor .Schwalbe has 
arrived at the coiudusion, in which 1 fully concur, that the Java skull, 
taking both its form and capacity into consideration, “ is on the border 
line between that of man and anthropoid apes;" it is more closel}’ allied 
to the skulls of the Neanderthal group of mmi than it is to the crania 
of the higher apes, but it is much nearer in anatomical characters to 
the skull of the chimpanzee than it is to the cranium of the average 
adult European of the prcs»mt day.'' Nd'vertheh'ss, from a study of 
the impressions of tin' convolutions of the brain on the inti'rior of the 
Java calv.aria. Dr. Dubois has demonstrated that the inferior gyri of 
the frontal lobes are well marked, and approach in form those of man; 
and although the superticies of this convolution of the brain in the 
Java skull is less than half the dimensions of that of Europeans of the 
present da}', it is double that possessed by the largest known anthro- 
poid ape. This fact suggests that the Java man had in some slight 
degree the faculty of speech, and that his intellectual capacity was 

"Journal of Anat. an<l Phys., new series, vol. xiii, p. 273. 

ft Zeitschrift fur Morphologic und Anthropologic. Professor Dr. (i. .Schwallje, 
Universitat Strasshurge. Band I, heft 1, 18t)9, p. 226. 
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higher than that of any anthropoid ape we are acquainted with." The 
postor])ital index, or narrowing of the Java calvaria, i.'^ 19.3 as com- 
pared with an average index of existing Europeans of 12. In this 
respect the .Java skull comes nearer to the Neanderthal group than it 
does to that of anthro])oid apes; it also possesses indications of the 
existence of that characteristically human feature, frontal eminences. 

In the employing of skulls wliich we believe to be the most reliable 
test of human races, we classify them under three heads, according to 
the ineiusurements of their cranial indices; in other words, the meas- 
urement of the greatest breadth of the cranium expressed in percent- 
age of its greatest length is our guide as to the race to which an 
individual belongs from a craniological point of view. When the 
cranial index rises above SO the head is called brachycephalic, a broad 
head; when it falE below 75 the term dolichocephalic, or longhead, is 
ajiplied to it. Indices between 75 and 8U are characterized as meso- 
cephalic, intermediate heads. Assuming the length of the cranium to 
b(' loo, the width is expressed as a fraction of it. and is known in the 
living subject as being the cephalic, and in the bare skull as the cranial 
index. For instance, if the greatest breadth of a skull is 152 mm. 
and its length is 190 mm., we multiply the biaaidth (152) by luo, and 
divide the product by its length (19o), which gives us the cephalic 
index SO. 

We have in our museum casts of two crania and other bones, form- 
ing part of human skeletons which were found resting on a ridge of 
calcareous rock o\ erlooking the river Orneau, in the commune of Sj)}-, 
Belgium, 'riicse remains were unearthed with great care, and there 
is e\cry reason to believe they wen' originally ilepcwited where they 
well' discovered, being covered over with four w ell-d(>tined beds of debris 
and clay, in which were found the boiu's of the I'hinoctu'os and the 
mammoth, also Hint weapons of tin' Mousterian epoch.'' One t)f these 
skulls has characters which n'sembh' tho.se of the hight'r apes, and 
assimilate still more mairly to the Ja\a skull, indicating the low' type 
of human ladng of which this cranium formed a part. Its form, like 
that of the other human inhidtitants of Europe as yet disco\ered 
in the ('arly geological strata of the preglacial or the interglacial 
periotl, is of the hnig or dolichocephalic tyi)e. its sutures are simple, 
and for the most part an* consolidatt'd. We have another cast, ))re- 
smited to our museum by Brobvs.sor Huxley, one of our most talented 
and earnest workers in the .science of anthropology, taken from the 

"“The Brain cast of Pitheeanthropiis ereetu;?,” Iiy K. Diihois, Journal <>f Aiuit. 
anti Bhy>., new series. xiii. 

'''The most suiferfieial layer was 5 meters thick, aiiT was tornieil hy debris which 
had fallen from the rock above. Tlie seetmd layer was H meters thick, aiitl formed 
of yelltjw argillaceou.- tuffs. The thinl layer was meters thick, con>isting of retl 
clay, in which were uumenius Mousterian Hints and the tusk of a mammoth. The 
fourth was yellow calcareous clay, immediately beneath which the human remains 
with hones of extinct animals were found. 
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Neanderthal evanium. This cranium, with other portions of a Pale- 
olithic human skeleton, was found in a limestone cave near Dusseldorf." 
Th(' ciiv(' was raised some tio fe«4 above the existing bed of the river 
Dussel. and its door was covered to a depth of 5 feet by duviatile 
deposits, beneath which these human remains were discovered. The 
frontal angle of the Neanderthal and 8 p 3 ' skull (No. 1 ) is H-i . that of 
the Java skull is 50 . whereas the existing races of adult male Euro- 
peans have a frontal angle of about 00 ; in this group of skulls, 
although still but slight, the indications of frontal eminences are per- 
haps more distinct than is the case in the Java skull. The skull capacit\^ 
of the Neanderthal group of human beings amounts to 1,220 c. c., the 
Java skull to 850 c. c. , whereas E\iropeans of the present daj" have an 
average cranial capacitv of 1,.540 c. c. to 1,000 c. c. 

We have in our collection also a skull of the characteristic earW 
Paleolithic tvpe, presented to the college bv one of our former presi- 
dents whose mcmorv is treasured bv all svho knew him. Prof. George 
Busk. It was found in a laver of brecciated talus, under the north 
front of tlu' Bock of (iibraltar. Wi- have also a cast of the calvaria 
of one of this race found in county Sligo. Another skull of the same 
type was discovered at Bury St. Edmunds, with the remains of extinct 
animals and IMousterian dint weapons.'' 

J'he anterior surface of the lower jaw among the existing races of 
Europe projects to fcu'in tlu' chin. Among apes the reverse is the 
case, for the anterior surface of their mandibles recedes. J'he Malar- 
naud and the Naulette mandibles, of which we have casts, are evidcntlj’ 
those of human l)eing.s. 'rhe\- wei'e foutul in geological formations 
(which also contained the liones of extinct spi'cic's of animals and 
Paleolithic dint W('apous). 'I'liese bones are distinctlv ape like in 
charactc'r. Inn ing receding autmaor surfaces, nnd also the sockets of 
all the molars are e(iual in size. 'I'he bones of the legs of these pre- 
glacial or interglacial inhabitant- of Europe ai e of ape like form, and, 
together with the bones of their arms, prove that thev were a .short 
powerful race of l)eings whose average stature did not exceed 5 feet. 
Thev are knonn as the Neanderthal group of men. 1 he side view of 
the skulls and that from above of four of the men in this group are 
illustrated in our chart. 

"Tile term ’• ilitliic " is ;ii>i>lieil to ecological formations lUstinguisheil hy con- 
taiuiiii; the rudest shapes of human stone implements as,soeiated with the remains 
of mammals, some of nhieh are entirely extinct, while other.- have dL-appeared from 
the districts where their remains liave tieen found. The-e deposits may be classed 
under the heads of alluvium, brick earth, <*avern bed.-, calcareous tufas, and loess. 
(Class Book of Ceologv. Sir A. ( ieikic, ji. Shi. I 

''IVe possess accurate diawings and a description of this cranium. There can be 
iKKpiestion that thi- was a genuine Paleolithic skull, and demonstrated the presence 
in tile county of Suffolk of this race of human beings when England was still con- 
nected by land with France. 
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It (should be clearly undei’stood that uji to the present time no bona 
tide human remains beloiijfing to the early Paleolithic period have 
been discovered in western Europe which were not of the same tvpe 
as those above described. 

When the glaciers which had extended over the greater part of 
Europe moved northward, the reindeer passed away with them from 
our part of the continent. These animals, which could be easily cap- 
tured by man, had roamed in vast herds over the surface of the coun- 
try, and had probably afforded the human inhabitants of that period, 
living- in western Europe, an ample .supph' of food. The climate of 
our part of the world at the termination of the Glacial period became 
such as we now experience. Britain was separated from France by 
sea. and tine rivers containing numerous ffsh filled the valleys of our 
land; the red deer, wild horse, and various ff eet-footed animals abounded 
in the splendid forests which overspread the country. But these ani- 
mals and the tish of our lakes and rivers were not easilv captured, and 
the human inhabitants of westei-n Europe were therefore compelled 
to exert their intellectual capacities to an extent not heretofore neces- 
sary in order to supply them.selves with food and with the skins of 
animals for clothing. IVIan was able to overcome the difficulties he 
had to face, possessing an innate power by means of which, as alread}" 
explained, his brain was able to develop and so meet the increased 
demand made upon it in the struggle for existence. That such was 
the case we judge from the di.scovery, in geological formations of the 
Post-Glacial period, of the skulls of men having the same physical type 
as those of the strictly early Paleolithic epoch of we.stern Europe, but 
with increased biain capacity. The.se Post-Glacial human skulls indi- 
cati'. in my opinion, a gradual transition in form from the ape like 
characters of the pre\ ions period to a higher standard, and certainly 
to a much greatcu' skull cai)acity. especially in the frontal region. With 
this inn)rovement in tiu' form of the human skull, the Hint, stone, 
bone, and horn instruments made by the Post-Glacial inhabitants of 
western Europe become moi-e highly finished than those belonging to 
the previous age. indicating the pos.se.ssion of increasing intellectual 
power on the part of tho.se who made them. 

The Engis skull, of which we have a cast, presented to this college 
by Sir Charles Lyell, is a well-known examj)le of a human cranium of 
the early Neolithic "or Post-Glacial period. Huxley, in his descrip- 
tion of this skull. obser\-es. *• It takes us at least to the further side of 

"The term Xecilithic i.-.: um-(1 to signify that jierioil in wlik-h the stone, hone, anil 
horn implenient.-J luaiie liy man indicate a considerable advance in the arts of life 
beyond those discovered in the jiicvious Paleolithic epoch. In the Neolithic period 
the remains of the mammoth, rhinocero.s, and other jirevalent extinct forms of the 
Paleolithic series had almost, if not completely, dhappeareil from we.stern Europe. 
The deposits in which thest* Neolithic remains are found consist of river gravels, 
cave floors, peat hogs, raised lieaches, etc. 
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the biolog^ical limit which sepamtes the present geological epoch from 
that which preceded it; ” that is, from the Glacial period.'* The Bonds 
skull probably also belongs to this period, its characters being similar 
to the Tilbury ci’anium described by Sir Richard Owen, and of which 
we have a cast in our museum. To this list of Post-Glacial — or it may 
be of the later Glacial — period we may add the Egisheim calvaria, 
or so much of it as has been preserved. This specimen, of which 
we ha\ e a cast, was discovered in a high river bed near Colmar with 
the bones of extinct animals and Mousterian flint weapons. These 
and various other skulls found in geological formations of the time 
referred to are all of the same type, and lead us to believe that the 
inhabitants of Europe in the early Neolithic period consisted of only 
one race — the descendants of the human beings who inhabited our 
part of the world during the previous or Paleolithic epoch. They 
had long (dolichocephalic) skulls, with slightly projecting supraorbital 
ridges, well-formed noses, and a fairly developed frontal region as 
compared with the far more ancient .lava. Spy. and Neanderthal 
crania. Tlndr mandibles and the bones of their legs were less simian 
in character than those of their remote progenitors. They were a 
small race of t)eings. Wt' And no metal weapons or instruments with 
their remains, and we therefore conclude that they were ignorant of 
the use either of bronze or of iron, nor do they seem to have possessed 
domestic animals or to have had any knowledge of agriculture. 

This race of primitive iidiabitants of western Euro])e are best 
described as the Hierians, and we may conveniently employ this term 
so long as it is understood to designate tin' Africo-European stock, 
who were, so far as we know, the sole human inhabitants of western 
Euro})e aft('r the tc'rmination </f tin* Glacial epoch. 

As we pass from the early to the mid-Neolithic ('poch, we come 
upon the remains of a ract' of men who. as regai'ds their physical 
character and state of civilization, ("-sentially difl'er from the people 
above referred to. The stone implenn'iits found with their skeletons 
are beautifully formed, many of them being highly polished and hav- 
ing sharp cutting edges. A few of the jmrest bronze ax heaths have 
been discovered with these rt'inains, and also tin' bones of domestic 
animals beh^nging* tt_) specit's indig'cnous tt) .Vsia, but fort'ig'u to the 
Paleolithic fauna of Europt'. Lastly, wo have evidenct' that these 
people were actjuainti'd with agriculture and with the manufacture of 
sun-dried pottt'iy. They jtaid great respect to their dead chiefs, 
burving their bodies in natural caves, or in tombs formed of huge 
flagstones placed edgewise side by side, with similar stones laid on 
the upright ones to form the roof of the building. These structures, 
the well-known long dolmens, have been found, built on precisely the 

"Han’s Place in Nature, liy Professor Huxley, i>- T-O- t'lr a description of the 
Burris skull, see S. Lainjt and Professor Huxley’s Prehistoric Remains of Caithness. 
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same plan, in Ireland, England, the greater part of Europe, the west 
of Asia, India, Arabia, and northern Africa. The construction of 
thes(' dolmens, wherever met with, is so similar in style that we 
conclude they were the vork of one race, or at least of one special 
confederacy of races. They were not only sepulchers for the dead, 
but many of them also contained an altar, a place of mourning and of 
otfering, where intercession was made to the spirits of departed chiefs 
by their relations and tribesmen. The Rodmarton long dolmen or 
temple tomb (near Cirencester) affords us a good example of one of 
these structures: it is ISO feet in length and TO feet broad. TVe have 
in our museum a tine human skull which was found in this dolmen, 
with some well-polished stone implements. If we compare this skull 
with that of the Java or the Neanderthal group of men or with the 
skulls of tlie early Neolithic human inhabitants of western Europe, 
we are sti'uck l)y the marked diti'erence that exists between them and 
the Rodmarton skull. Dr. Thurnam's unique collection of crania may 
be seen in the Anatomical (Museum. Cambridge. These crania for the 
most part were unearthed by himself from various English long 
dolmens and barrows, and they resemble in form, although they are 
of a higher typo than, the skulls found in the caves of Cro-Magnon 
and Mentone: they are identical in character with skulls found in the 
long dolmens of Erance and other countries of Europe. The cranial 
index, capacity, and other features of the bones of these skulls lead us 
to assign them all to one and the same i-ace, of whicli tin* Cro-(Magnon 
are probably souk‘ of th(> (‘arlit,‘st si)ecimens as yet disco\'ered in 
western Europe, 'riie three Cro-Magnon and three (Mcmtoni' skele- 
tons wei'(' those of [)eople some d feet 4 inches and upward in stature, 
so that a ra{'e of giants in far distant times was no myth. 'Fheir 
cranial capacity was above that of the a\ t'ragc Europeans of the 
present day. Fi'om tlnur physical conformation and from the remains 
of the animals found bui'ic'd with them, which are of .Vsiatic species, 
and from othei' evidence. w(' ar<‘ led to the conclusion that 'the Cro- 
Magnon race rcpri'sent the advance' guard of the pi’oto-Aryan human 
family, of which the Rodmarton" and many other long dolmen skulls 
show a more advanced type. 4’li<‘s«‘ people in far distant ages migrated 
from the East into western Eui'ope, and from thence spread into our 
islands: southward they passed into India, Persia and Arabia, Asia 
(Minor, and northern .Vfrica. Ovi'r this vast area and far awav in 
eastern Asia we tind their remains, with Hint and stone implements of 
the early Neolithic type, buried in long dolmens or barrows. The 
roots of many of the words used by this ancient people exist in most 

"In the History of Ancient Wiltshire, hy Sir 11. (’. Iloare, Vol. 1, pi. xvii, p. 
164, then' is an ai'connt of a sknll foitnil in a loii}; harrow near Stonehenge, which is 
now to he seen in the Anatomical iMu-seuni at Cambridge (No. ISOa), of which I 
have a photograph. 
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of the languages now spoken in Europe; their religious sentiments, 
in3’ths, and. above all, their racial, mental, and physical characters, as 
portrayed in the Rig- Veda and on the ancient monuments of Egypt, 
are pronounced features in the existing Teutonic and Anglo-Saxon 
people. From the form of the crania found in many of these long- 
dolmens we know that this tall, fair, handsome, long-skulled race 
intermarried with the preexisting short, dark Iberian inhabitants of 
Europe. The fair, tall race probabh’ did not at any time, unless in 
the north of Europe, form a large proportion of the population. The^^ 
were a dominating, lighting, and priestly caste, who compelled the 
priniitiye, small, dark (Iberian) inhabitants of western Europe to 
work as their slaves. 

During the Neolithic era, while the descendants of the proto-Aryan 
stock were slowly feeling their wav fn)m the East along the valley of 
the Danulx' into Europe, a very ditfcrent race wc-i’e passing from 
northern Asia into th(' Baltic provinces, 'rin-st- j)eople formed settle- 
ments on the islands of Denmark and wi'stward as far as tin- noiih 
of Ireland. They were tin- first of tht- broad-skulled races of the 
human family who had entered Europi'. Their skulls were bracln'- 
cephalic in form, with broad faces and noses, the latter ladng de-eplj-- 
concave at the base. Their remains are found in the islands of Den- 
mark, especially that of iMoen.also in Yorkshire. Derbyshire. Statl'ord- 
shire." and in C'os. Antrim and Tyrone.'' in which localities their 
d(‘seendants mat' still be recogniz<‘d by their physical characters. 
Thct’ hurled their dead and did not ]>ractice ci-emation, as did the 
Mongolians of tlu- bronze age in Kurope. These p(-opl(> belonged to 
the stone age of Kurope. and by comparing tlieir skulls with those of 
the Kodmarton or Cro-Magnon crania we see the great ditl'erence in 
form of the pri'historic long and the broad-heatled races of men. 

Until the close. therefor(\ of the Neolithic epoch there were three 
pure races who formed the soh- human inluibitants of Europe, so far 
as we can judg(' from their skidls and other nmiains. with the ('xci'p- 
tion of those who were tin* outcome of the intei’inarriage of these 
three races of people with tme another. 

Passing from the Nec)lithic to tin- succeeding bronze age, we believe 
that Eun^pe was overrun by a small, broad-skulled people liaviTig 
charaet('ristic Mt)ngoloid f(>atures. These people were probably, in 
their Asiatic home, originally derived from the same stock as the tall, 
fair, broad-skulled North ^Iongoli:in race above referred to. But the 
southern Mongoloid people of the bronzt- age in Europe were a small 
race of men with dark hair and eyes. These were the early lake 
dwellers of Switzerland and other parts of Europe. Prof. A. C. 

"Crania Britannica, tables on, [>[>. l’Il-244. 

'-Prof. A. ('. lladiton. See .studies in Iristi ('raniniogy, Proceedings of Royal Irish 
Academy, vol. iv, p. 577. 
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Haddon is disposed to think that })efore their arrival in our islands 
these people had heeome a mixed .stock through intermarriage with the 
Iberian oi Mediteri’anean race. (In the dolmen at Meudou we find 
the remains of a man of the broad and a woman of the long skulled 
race placed side by side.) Thej^ were traders in bronze, and probabhy 
as Prof. (t. iNIortillet and other authorities hold, gradually replaced 
stone, horn, and bone with bi-onze instruments and weapons, effecting 
in this way a great revolution in the social and industrial habits of the 
preexisting inhabitants of western Europe. In these far distant times 
deep mining operations were out of the question. Superficial ores of 
copper were abundant in most parts of Europe and in Asia, but alluvial 
tin was extremely scarce, and it is still only found in large cjuantities 
in southeastern Asia. Cornwall, the Scilly Isles, the south of Ireland, 
and some few other places on our continent also contained superticial 
ores of tin. It seems probable that the Mongolians inhabiting the high- 
lands of southeastern Tibet, long before the commencement of the 
bronze age in Europe, spread into Burma, the Malay Peninsula, and 
Cochin China, and there acquired the art of mixing copper and tin in 
such proportions as to form bronze, the weapons and instruments 
which they manufactured of this metal being a ready and profitable 
source of barter in Europe. These people, without doubt, made 
bronze weapons both iu the south of England and of Ireland, for clay 
molds have been found there in whicli weapons of the early bronze 
period in Europe were cast, 

Togethei- with the broad skulls and other remains of these people 
we find in the del)ris of the lake dwellings numerous ornaments of 
jade, iK'phi'ite, and chloromelanite, minerals found in large (piantities 
in soutlieastern Asia, but not in Europe; and lastly, vases on which 
are depicted people in Oriental costunu', and instruments used only by 
the soutlnnistern Tibetans have been discovered in connection with the 
remains of the, lake dwellei’s. It is almost unnecessary to remark that, 
although many millions of Ilinflus have in successive periods occupied 
the greater ])art of Bengal, it would be impossible to discover their 
bones in the soil, for the simple reason that they have either burnt the 
bodies of their dead or else cast them into one of the sacred rivers of 
India. ,\nd so it is with the skeletons of these southern Mongoloid 
pi'ople of the bronze age in Europ<‘. As a rule their bodies were cre- 
mated after death, and numerous cinerary urns containing their 
rinnains are found scattered over the Wiltshire and other ranges of 
hill s in the south of England. Some few of their skeletons, however, 
have been found in the round barrows which are so numerous, espe- 
cially in the south of England, of Ireland, and throughout various other 
parts of Europe, and in Asia. With these remains and cinerary urns 
very many bronze instruments have been met with, indicating, like 
the stone implements of the Palaeolithic period, different stages of 
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excellence in workmanship." The size of the handles of the bronze 
knives and other weapons, as well as the bangles, prove that the peo- 
ple who used them were a small race of men and women, we believe 
best represented in Europe by the prehistoric short inhabitants of 
Auvergne.* 

One of the finest skulls m our mn.seum was taken from a round bar- 
row at Codford, Wilts, and although this skull must be at least five 
thousand years old it still seems as if it were full of life and fun (see 
illu.stration). characteristic features of the race to which it belong-ed. 
The form of this brachycephalic skull, together with its nasal bones 
and orbits, are clearly Mongoloid in chai’acter. and are well known to 
those of us who have lived in India as representing the Ohurkhas 
and Burmese of the pre.sent day. A lazy, bright, rollicking people, 
intensely superstitious and home loving — ’'the Irish of the East.” as 
they have been apth' called. In the course of many I'enturies the 
southern Mongolian people of western Europe have unquestionably 
become absorbed into the preexisting Ibero-Aryan ])opulation; a cross 
breed has resulted, and from this stock the ancient British people of 
our islands were derived. Tludr skulls are mesoccphalic (a combina- 
tion of the long and broad skull), and are amply represented in our 
museum, the cephalic indic'cs being about seventy-eight.'' Subsequent 
to the bronze age the ancient Britons were well-nigh exterminated in 
England by Teutonic races, who invaded our country from the north 
of Europe, the Anglo-Saxons taking the jdace of the ])reexisting 
ancient British population of England and Scotland. Nevertheless, 
in .some districts of England, such as North Bedfordshire, a number 
of the descendants of the ancient British stock continue to fiourish up 
to the present day. as also in the greater pail of South Wales, much 
of Cornwall, and the south and west of Ireland, the upper cla.sses in 
Ireland being clearly derived from the atu-ient Aryan stock who pas.sed 
from Gallia into that country duritig the Neolithic period. The illus- 
trations show a characteristic head and fat-n of one of the de.scendants 
of the ancient British race and also of a typical Anglo-Saxon. 

Passing from prehistoric to the present time, we have come to pos- 
se.ss the measureinciits of the heads of some 000. 000 of the existing 
inhabitants of Europe.'' From the.sc measurements we learn that a 
large proportion of the people now dwelling in the countries border- 
ing on the Mediterranean Sea are a short, brunette, long-skulled race, 

'^The Ani'ient Bronze Implements of Great Britain, by Sir .John Evans. 

''Formation de la Nation Franyaise. par < i. De Mortillet, Professor a I’Eeole 
cl’ Anthropolooie, pp. -.">7. "tilt— See also Tin* Dolmens of Ireland, by A. C. Bor- 
lase, pp. 1012-1014. 

‘■The NIoneolian eeplialie index tn'inir from eisjluy upward, and that of the Ibero- 
Aryan seventy-five ami below that figure. 

('The races of Europe, by \V, Z. Kpiley. p tU. 
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(lesicended. we hclie\ e. from tho.se who, from the form of their skulls 
iind other physical characters, occupied that part of Europe and the 
north of Africa in far distant aire.s — the Iberian race. 

Scandinavia and Aorth Germany are inhabited ))y a tall, fair, lon^- 
skulled people derived from the pi'oto-Aryan races who settled in that 
part of our continent in the Neolithic epoch. A vast triangle having 
its base in eastern Eussia and its apex on the Atlantic in southwestern 
France is inhabited by the broad-skulled people derived from Mon- 
goloid or Turanian ancestors. AVc do not for a moment affirm that 
these races, as such, have remained pure — far from it: but the results 
of the iiK'asurements of the heads of a great number of the existing 
inhabitants of Europe point to the conclusions abov(> indicated; and 
this idea is confirmed ])y the cranial indices of the splendid collection 
of crania which occupy so lai’ge a .space in the museum of this college — 
a collection which was commenced bv ,fohn Hunter, and upon which 
du ring the past century a great amount of time and labor has been 
spent in describing and cla.ssitying the skulls which it contains." Our 
collection ha.s been added to and kept well up to date by Prof. C. 
Stewart, and might, 1 think, with advantage to .science, be utilized in 
an effort to solve the debatabh' (luestion of the connection l>etween the 
Neanderthal group of men and the postglacial inhabitants of western 
Europe. 

The characteristic physical type, of paleolithic man may be still 
recognized among tlu' inhabitant.s of westeim Europe, altliough their 
skidls have grown more capacious, especially in the frontal region. 
This change in the form of the cranium marks a corre.sponding advance 
in the capacity and organization of the brain and of the intellectual 
ability of man; it is in truth evidence of his inherent power to.over- 
come the demand made on his mental capacity in order to cope success- 
fully with his ev<‘r-increasing struggle for existence, conseiiuent on 
tlu' growth in number of his fellow-creatun's and the more compli- 
cated scK'ial conditions of his sui’roundings. Ooubtless the form of 
skull of a large proportion of the inhabitant.s of our island indicates a 
cross breed formed by the iittermarriage of th(' long and broad skulled 
families of man xvho in distant ages met and intermarried in western 
Europe, thereby improving the stock of their descendants. Races of 
men, such as the natives of Australia, who have remained in an 
unchanged environment and without intermarriage with other people, 
have made but little progress in their intellectual capacity. tht> form 
of their skulls continuing of the .same type as those pos.sc's.sed by the 
paleolithic inhabitants of Euroj)e. 

" \\ c have about 4,000 skulls iu our iiiuseuiii, arranged ai-eordiuo to the countries of 
which they are luesiiuiably native. ,\ll these si>ei-iuiens have lieeii ac< uratelv luea.s- 
ureil au<l described iu our cafaloou,.^ either by 8ir \V. Flower or bv Mr. L. McAra, 
imcier I’rof. ('. Stewart’s supervision. 
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The same causes to which we have referred, acting for long periods 
of time on people of the same race, have not oidy led to the heredi- 
taiy transmission of their phi'sical charactei’s, such a^ those existing 
respectively among the northern, central, and southern inhabitants of 
Europe, but ha^ e also developed specialized areas of nen e structure 
in their brains, by means of which they have come to think, feel, and 
reason alike; thus having an inherent, widely-diffused individuality. 
In this way we arc able to comprehend the source and the meaning of 
large bodies of men belonging to the same race being frecpumtly 
moved to take common action on matters affecting the well-being of 
their race; they possess, in fact, like innate scmtiments. or racial char- 
acteristics. although st'parated from oik' another h}' great distances 
and living under diverse climates and environment. Tlndr emotions 
and ideals harmonize, because their progenitors existed for many ages 
under similar external cotiditions, and conseiiucntly developed like 
specialized nerve centers, which have been transmitted, together with 
their physical characters, to theii' succa'ssors, and Ixa-ome crystallized 
in their laws, and reflected in their conceidions of religion as well as 
in their .social institutions." • 

In illustmtion of our meaning we may refer to those revolting 
pages of history during which Belgium and the Netherlands ])assed 
under the dominion of .Spain, the Iberian dominating foi’ the time 
being over a thoroughly IVutonic race. Or we may contrast tin' exist- 
ing condition of the Iberian population of South America with the 
Teutonic Anglo-Saxon iidiabitants of the United States, or that of the 
latter nith the negro population of America. 

We have a chart here which shows the rt'sult of tin' recent gc'neral 
election held in this country; the <iue.stion at issue was oin' in which 
the whole of the people of (treat Britain were deejily interested. It 
is remarkablt' what a huge proportion of the inhabitants of England 
and of Scotland, inaiidy of ,\nglo-.Saxon origin, voted togethei- on this 
.subject; whereas a contrary opinion regarding this .same ipiestion was 
held by the greater proportion of the people of Ireland, and to a large 
extent by the Welsh, most of whom are derived from Ibero-Mongolian 
ancestors. It is difficult to account for the diversity in the sentiments 
of the peoi)le above referred to, unless we consider it due to their 
racial mental ([ualities.'' Environment has doubtless played an inn)or- 

"The Origin ami Character of the British I’eoiile, hy X. C. iMacnainaia, p. 192. 
See also the Westminster Itevieu, l)ei'enil)er. lUOtt, p. (l.'U. 

*This idea is confirmed l)y tlie result of the elections that have lately t.aken jdace 
in Canada and in theCnited I'tates of America. The younger hranches of our Anglo- 
Saxon race, torndng hy far the larger ]iro]iortion of the inhahitants ot these vast ami 
fionrishing dominions, had to solve a similar ipiestion to that j'laeed hefore the ]ieo- 
ple of (ireat Britain, and they have re.s|ionded hy u vast majority to this call, on 
precisely the same lines as those followed hy Englishmen, moved, we believe, by 
common racial inherent sentiments. 
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tant part in the evolution of these people, but their inherited racial 
character has had more to do with the position which the Anglo-Saxon 
race has gained in the world than the mineral wealth, climate, or 
protection afforded us by our seagirt coast. 

The environment under which even a few generations of men exist 
would seem capable of inffuencing the structure of their central nerv- 
ous system, as illustrated by comparing the mental qualities of our 
rural and urban population. The conditions under which the cit}’- 
bred child and man live engender in the course of a few genei'ations 
an unstable state of nerve structure, resulting in an excitable charac- 
ter. which, if carried beyond a certain point, leads to unsoundness of 
mind, and may account for the increasing num])er of lunatics in this 
and the other large cities of Europe. Gen. Sir Kedvers Euller again, 
in speaking of the soldiers under his command in South Africa, refers 
to the fact that our cit^'-born men have imperfect sight compared with 
men reared in the open plains of the Transvaal, thus affording us 
another example of the effects of environment on the I’ace." These 
are a few of the many interesting and important subjects which arise 
in connection with the study of anthropology, including craniology; 
and the contents of our museum and library offer unrivaled oppor- 
tunities to the student seeking for knowledge in these branches of 
.science. 

In conclusion, as already stated, much of Hunter's reputation was 
founded on the result of his labors in those bi’anches of science which 
tend to elucidate man's nature: and during the past century a succes- 
sion of English surgeons have carried on tlie work commenced by our 
great master, enriching' our museum and endeavoring to make this 
college not only an examining and licensing body, but what it cer- 
tainlv should be — an imperial institution for the cultivation and diffu- 
sion of thost' departments of knowledge which bear on comparative 
anatom}’, physiohjgy, or surgery. The ideas imtertained by dohn 
Hunter’s immediate successors on this subject were ably stated by Sir 
William Lawrence, in his lectures already referred to. when he 
observes that our own individual credit and the dignity, honor, and 
reputation of our body, which we are bound to maintain, demand that 
surgeons should not be ])ehind any other class of the community in 
the possession either of the cultivation of those branches of knowl- 
edge which are directly connected with surgery or in any of the col- 

"Sir Redvers Biillcr in one of liis speeches is reported to have stated that “in the 
first instance, many of our men are city horn, and England is not a very larce coun- 
try. We went out to a region wliere the principal numher of our euemies were 
horn in a very open <-ountry, a very lar^e country, and it is lurt untrue to say that 
practically the \ision, the ordinary si^ht, of our enemy was “ miles, at least, farther 
than the a\era)ic sioht of the English « ho were llfrlitinc aitainst them. That is a 
matter of actual fact. An ordinary Ihitctiman or .\frican can see a man coming 
toward him 2 miles before the man approaching can detei t him,” 
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lateral pursuits less immediateh’ attached to it.’' Sir William con- 
tinues: “’It is only in reference to .such views and objects that the 
Hunterian collection could have been accepted or can be of any use to 
this college."" Hunter would, had he still been with us, have thrown 
all his indomitable energies into the successful working of such an 
institution, and amidst the turmoil, .strife, and competition going on 
around him, would, as we see him in this picture, have been engaged 
in the earnest, accurate, patient study of nature. It remains for our 
younger memi)crs to emulate the example set them by flohn Hunter, 
and by such service secure for themselves lasting satisfaction and add 
to the real dignity and utility of this college and of their profession. 

« Lectures on Physiology, Zoology, and the Natural History of Man, delivered at 
the Royal College of Surgeons by W. Lawrence, F. K. S., 1819, j). 497. 
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THE BAOUSSE-EOUSSE EXPLORATIONS: STUDY 01’ A 
NEW HUMAN TYPE, BY M. VERNEAU.“ 


Bn" Albert Gaudry, 

Member of the Institute of France. 


The Prince of Mdnaco delights not onl3^ in exploring the depths of 
the oceans of to-da}’, he also loves to explore the depths of the past. 
He has undertaken to excavate the Baousse-Rousse on so vast a scale 
that the place is destined to throw much light on the history' of primi- 
tive man. 

The name Baousse-Rouss^ (Red Rock) is well known to scientists since 
the discoveries of M. Emile Riviere. A large quantity- of material 
has been taken from its various grottoes; in one of them was found 
the celebrated skeleton of the Jardin des Plantes, known as the ]Man of 
Mentone. The Prince of Monaco enlisted as his assistants several 
French scientists: The Abbe de Villeneuve methodically directs the 
excav'ations, I’emoving each stratum separately so as to clearh' estab- 
lish the succession of the phases of prehistoric times; M. IMarcelin 
Boule, so well versed in quaternary paleontology, assumes the exam- 
ination of the various fossil animals; M. fimile Cartailhac, the eminent 
corresponding member of the Institute, works at unearthing the human 
skeletons which M. Verneau, the assistant of M. Hamy at the Museum, 
is studjdng with his usual skill. It would be impossible to bring 
together scientists more capable of successfulh' carrying out the great 
enterprise of the Prince of Monaco. 

One of the grottoes in particular has furnished to the Abbe de Ville- 
neuve results of considerable importance. This is the Grotto des 
Enfants, so called because, in 1874, M. Emile Riviere discovered there 
two skeletons of children w hich to-daj’ are in the collection of the 
Catholic Institute directed by M. de Lapparent. In the accompanj"- 
ing figure (see p. 452) there is shown a section of the v'arious de- 
posits and levels of domestic occupation down to the rockj" floor of 
the grotto. In the first seven meters the Abbe de Villeneuve found 
abundant remains of animals, human utensils, and even two human 
skeletons. These specimens added nothing particularly new' to w^hat 

"Translated by permission of the author from l,a Mature, Pans, loll. May 10, 
1902. 
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A NEW HUMAN TA'PE. 


hud ulretidy been found in the Baousse-Rou.sse b^’ MM. Emile Riviere, 
Verneau, and others. At the depth of T meters and below, however, 
M. de Villeneuve made some curiou.s di.scoveries whose true value has 
been brought out by the discerning mind of Dr. Verneau. At that 
level there is a stratum in which are found the remains of the cave 
hvena and Mousterian implements. " Nothing is disturbed, and we 
are thcrefdro certain that we are well within the paleolithic age. 
Here the Abbe de Villeneuve has wholly uncovered what he calls a 
double sepulture. As shown in the accompanying plate, there are 
two skeletons — one that of an old woman, the other that of a 3mung 
man — placed side bj’ side, in a perfect state of preservation, the limbs 
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bent up toward the chin, stones l)eing placed so as to protect the heads. 
Formerh' there was much discussion as to whether paleolithic men 
honored and buried their dead. MM. Cartailhac and Emile Riviere 
maintained that they did so. The explorations instituted b}' the Prince 
of Monaco confirm their assertion and put the matter beyond doubt. 

From a studv of these heads Dr. Verneau obtained the following 
results: 

In the upper half thev show ipiite superior characters; they are 
well d(‘volop('d, with tine foreheads. On (‘xamining the lower hidf, 
however, a prognathism is found, more marked than has hitherto 


<! See tat)le()f elas-irtcatinii in liejiortnf Smithsonian Institution for 1!)01, pp. 439, 440. 
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been noted in anj" neolithic oi' paleolithic fossil men, greater even than 
in the skulls of Spy, in Belgium, which have tieen so well studied by 
MM. Fraipont and Lohest, and which ))ear in certain respects marks 
of inferiority. The shape of tlie chin corresponds to this progna- 
thism, it being straight instead of projecting forward as in the supe- 
rior races. Besides, M. Verneau found on each side of the base of 
the nasal opening a groove characteristic of the negro. So it seems 
that, in a deposit t)elouging to the paleolithic age, l)esidc the remains 
of the cave hyena whose descendants inhabit southern Africa, there 
are found human remains with crania havdng in the lower part negro 
characteristics, in the upper those of the white race. Is it possible 
that Dr. Verneau has found a connecting link between the African 
and the Caucasian types, and that we have hei’c the skeletons of two 
beings who represented this transition ( Such a conclusion would be 
premature, but we may at least say that he has found a negroid ele- 
ment hitherto unknown among the paleolithic or neolithic men of 
Europe. Anthropologists and paleontologi.sts owe their thanks to the 
enlightened prince who is aiding them to discovo- the mysterious his- 
tory of prehistoric man. 




FOSSIL HUMAN REMAINS FOUND NEAR LANSING, 

KANSAS." 


By W. H. Holmes. 


The fossil remains of two human lieings were discovered while 
digg-ing a cellar tunnel for the storage of fruit on the farm of Mr. 
Martin Concannon, near Lansing, Kansas, in February, 1902. During 
the past summer the site was visited by a number of geologists, arche- 
ologists, and others interested in the history and antitjuity of man in 
America, and already several more or less elaborate accounts of the 
discovery have been published in our scientitic journals. The last and 
by far the most critical study is that of Prof. T. C. Chamberlin, which 
appeared in the Journal of Geology for October and November, 1902. 
Other papers are by Prof. S. W. Williston (Science. August 1), Mr. 
Warren Upham (Science, August 29; also American Geologist, Sep- 
tember), and Prof. N. H. Winched (American Geologist, September). 

I had the good fortune to accompan\' Professor Chamberlin on his 
first visit to the site, and to meet there also Prof. R. D. Salisbury, 
Prof. Samuel Calvdn, Dr. Erasmus Haworth. Dr. George A. Dorsey, 
and Mr. M. C. Long. Careful e.xaminations were made of the tunnel 
and of the geological formations in the vicinity, as well as of the 
cranium presented in the Kansas City Museum, and it was found that 
the accounts of the discovery pre\iously published were essentially 
correct in eveiy impoitant particular. The human remains consist of 
a skull and a number of the larger bones of an adult man and the 
lower jaw of a child of some ten years. 

Owing to the difiiculty of studying the formations in the tunnel, 
ali’eady well rilled with farm products at the time of our visit, the idea 
of making additional excavations was suggested, and through the kind 
offices of Mr. Long it was arranged with Mr. Concannon that the 
Bureau of American Ethnology should undertake this work. Mr. 
Gerard Fowke, who, under my supervision, had been conducting 
researches in the well-known fossil bone beds of Kimmswick, Missouri, 
was called in, and during the month of October a trench was opened 
into the relic-bearing deposits from the west at right angles to the 

"Reprinted by permission from the American Anthropologist (N. S.), vol. 4, 
Oetober-Deeember, ltK)2. 
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tunnel dug- by the Concannons, exposing the full depth of the deposits 
for a horizontal distance of about 40 feet. Besides this the main 
cellar tunnel was carried some 12 feet farther, and a chamber was 
excavated on the east side of the tunnel, opposite the point where the 
remains of the man were found. When this work was completed 
Professor Chamberlin joined me in a second \'isit to the site, and 
examinations of all the phenomena were made under the most favor- 
able conditions. 

In the following brief summary 1 rely for geological interpretations 
largely on the views of Professor Chamberlin, whose master^" of the 
intricate problems of glacial and post-glacial geology is everywhere 
, acknowledged. 

The remains were found beneath 20 feet of undisturbed deposits 
forming a little bench on which the Coucannon dwelling stands. The 
child's jaw was encountered about 00 feet from the entrance of the 
tunnel and the skull of the man 10 feet farther in. There can be no 
doubt of the correctness of these observations. 

The skull is well preserved and corresponds closely in Wpe with 
crania of the historic Indians of the general region. It presents no 
unique features and offers no suggestion of great age or of inferior 
organization. Front and back views are presented in PI. 1 and protile 
and top views in PI. II. Its characteristics are briefly summarized by 
Dr. Dorsey as follows: 

■‘The specimen, after such reparation as has been possible, lacks all 
the bones of the face and small portions of the occipital, temporal, and 
frontal bones; hence no observations are possible on the face or base 
of the skull. 

■‘The bones are tirm. hard, and comparatively thin. The sutures 
are moderately serrated. 

“From above the skull is ovoidal in form, with somewhat bulging 
parietals and occiput. The glabella is only fairly high; the supra- 
orbital ridges near the glabel la are well marked. The forehead retreats 
gradually and is uniformly convex. The vault reaches a con.siderable 
height and retreats rapidly to near inion. The occipital region bulges 
decidedlv. 

“The temporal lines are fairly well marked, but not pronounced, 
and extend slightly above the middle of the parietals. The ma.stoids, 
though much damaged, were evidently not above medium. The occip- 
ital ridges, Avith the exception of the superior one, and the ordinary 
occipital depressions are very faint. 

“The skull is of an individual probably from 40 to 50 years of age, 
and, I am inclined to believe, that of a male. In its general shape the 
skull bears a striking resemblance to the crania of the Plains Indians, 
for example, the Blackfoot. Its measurements are as follows: 


“Maxiniuiu length 1 S 9 mm. 

‘ ‘ Jlaximuin breadth 1 niin. 

“Cei)halio index ' 7:1. . A” 


Ihe only ([uestion likely to give ri.st' to serious di.scu.ssion is that of 
the age of the formations with which the rmnainswere as.sociated, and 
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to thi.s point I shall give chief attention. The bench occupied bv the 
Concannon dwelling is squarish in outline, having a horizontal extent 
of about 150 feet from east to west and }>erhaps 100 feet from north 
to south, and its highest point is about 30 feet above the px'esent flood 
plain of the river (see tig. 2). It rests against the base of a limestone 
spur of the river bluff, on the south side of a little valley that opens 
out into the river bottom at this point. The upper surface of the 
bench slopes away at a low angle from its junction with the limestone 
spur {(/). Facing the river it presents a steep slope continuous with 
the face of the river bluff'. On the north it descends abruptly to the 
bed of the rivulet, and on the west the slope is somewhat gentle to the 
small lateral valley on that side. 



Fig. 1. — Sketch map of the Lansing site, indicating recent bench remnants in hachures. (a, Con- 
cannon dwelling and point of contact of limestone river bluff with recent bench, b. Entrance to 
cellar tunnel, c, Inner end of tunnel where skull was found, d, Trench opened by Bureau of 
American Ethnology, e-f. Outcrop of limestone in rivulet bed. /, Entrance of rivulet to Missouri 
River flood plain, a. Contact »>f limestone spur and bench remnant on north side. h~h. Line of 
sei'tion, fig. 2. ) 

An excellent photographic view of the Concannon trench is given in 
PI. III. It was made by Dr. H. M. Baum from a point on the bank 
of the little stream that passes out to the river bottom at this point. 
The entrance to the cellar tunnel is well marked b\’ the figure of a 
lady near the center of the picture. The point of view is so low 
that the promontory which rises behind the terrace does not appear. 
The trench made by the Bureau entered the bench a few feet beyond 
the gate seen in the picture. 
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The cellar tunnel enters the north face of the bench near the base 
{b, tigs. 1 and 2). The skull was found at c, 70 feet from the entrance, 
20 feet from the upper .surface of the terrace, and about 18 inches 
above the floor of the tunnel. The lateral trench is indicated at cl in 
both illustrations. 

The deposits composing the bench, so far as exposed, rest on the 
nearly level surface of a stratum of Carboniferous limestone {e-e), and 
the tunnel is dug so that this surface forms its floor. The deposits are 
believed by some to be true alluvial loess, derived directly from the 
ice front in the valleys above; they would thus represent one of the 
Glacial stages. Others regard them as consisting of finely comminuted 
material derived from the loess beds of the neighboring slopes and of 
other coarser materials fiom the hillsides spread out in comparatively 
recent times by local agencies in and about the entrance to the little 
valley. The first of these views has been adopted by Prof. S. W. 
Williston, Mr. Warren Uphara, and Prof. N. H. Winchell; and the sec- 
ond is held by Prof. T. C. Chamberlin, Prof. K. D. Salisbury, and Dr. 



Fig. 2. — Section of the Lansing site showing bluffs and river beyond, looking south, (a, Concannon 
dwelling and point of contact of limestone river bluff and recent bench, b, Entrance to cellar 
tunnel, c, Inner end of tunnel where skull was found, d, Trench opened by Bureau of Ameri- 
can Ethnology, e-e, Outcrop of limestone in rivulet be<l. /, Entrance of rivulet to Missouri River 
flood plain. «, Grade of stream bed.) 

Samuel Calvin. I am inclined to favor this latter view, not only because 
it appears to be sustained by the geological evidence, but because it is 
in harmony with what we already know of the history of man in 
America. The skull corresponds in type with crania of the historic 
occupants of the region — the Indian tribes — which fact carries with it, 
according to the view of some biologists, a presumption against its 
great antiquity; and again, there is as yet no substantial and unequiv- 
ocal evidence that men of any race existed in America during the 
Glacial period. 

The geological features of the site, in so far as they relate to the 
question of human occupancy, ma}" be briefly reviewed and their inter- 
pretation ma}’ be presented in the same connection. The first step in 
the history of the site’ requiring attention is the exposure or partial 
exposure of the nearly level limestone floor on which the materials of 




brnith ji>t I u, p. . 1 1, Wu ' - H. iliii. , Plate III. 



Site of Concannon House and the Terrace where Lansing Skull was Found. 
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the Concaiinon bench were afterwards deposited. This probably took 
place when the river channel curved sharply in against the bluffs at 
this point, permitting the currents to break down and partiall}" remove 
the superior beds of shale and limestone well within the entrance to 
the little valley. When this active erosion ceased the limestone sur- 
face was strewn with rocky debris a foot or two deep, and in against 
the bluff at the southern margin there were heaps of coarse talus mate- 
rial upon which the two human bodies were cast or in which they were 
rudely buried; and just here we reach the point of divergence of the 
two interpretations with respect to the period at which these events 
occurred. The first view assumes that we are probably dealing with 
the Iowan epoch of the Glacial period. If this is correct, the events 
following the deposition of the bodies would be about as follows: Dur- 
ing this period the river, becoming burdened with silt from the reced- 
ing ice front, buried the bodies and began to fill up its channel. Step 
by step the surface rose until the immediate valley was filled and oblit- 
erated and the waters flowed out over the highest bluffs, depositing 
everywhere the mantle of silt known to geologists as loess. As the 
ice receded to the far north deposition gradually ceased in this part of 
the valley, and the river, step by step, cut its way down again through 
the vast deposits that filled its former channel, leaving a succession of 
loess terraces more or less well defined against the hillsides, and finally, 
after many fluctuations, reaching its present level, which at extreme 
high water is from 5 to 10 feet lower than our datum level — the lime- 
stone floor indicated at e-c, fig. 2 . 

But are we wari-.inted in supposing that the two human bodies 
became associated with the debris on the limestone floor during this 
great epoch in glacial history, or are we to adopt the opposing view 
that at the end of this epi.sode, or long after its close, when the river 
had descended to nearl}’ its present level, the floods uncovered the 
limestone surface within the entrance to the little valley, and that at 
this time the aborigines, the ancestors of our historic tribes, left their 
dead among the heaps of debris? 

The latter view assumes that the river probably had little to do, 
directly, with depositing the materials that buried the human bodies 
and now form the Concannon bench: that after clearing the limestone 
floor the current probably followed its habit of rapid change and 
shifted for a time to the eastern .side of the broad flood-plain, leaving 
other agencies to control the destinies of the little valley now occu- 
pied by the Concannon faiin. Naturally, the deposits of the bench 
have been examined with minutest care with the view of determining 
the story of their accumulation. If laid down in water thei' should 
show decided evidence of assortment and bedding; if the result of 
redistribution of loess and other local materials through surface 
agencies, the deposits would present little evidence of assortment and 



400 FOSSIL HUMAN REMAINS FOUND NEAR LANSING, KANSAS. 


no evidence of SYsteinatic stratification. Throughout the entire depth 
of these formations, as exposed in the tunnel and in the trench, there 
apj)ears to he ])ut one feature that can be construed as gdving- decided 
support to the view which favors fluvial origin. A thin seam of clay 
appears in the west wall of the tunnel, some 3 feet above the lime- 
stone floor, and extends from the entrance far back toward the south, 
rising at a low angle. The earlier examinations of this deposit led to 
the conclusion that the lower part, at least, of the formation had been 
laid down by the river, but subsequent investigations show that the 
layer is not continuous, that it is not found in the east wall of the tun- 
nel opposite its appearance on the west side, and that it pinches out 
quickly to the west, no trace of it having been discovered in the walls 
of the great trench dug by the Bureau. It is just such a layer of 
water-laid clay as would accumulate in the bed of a sluggish stream 
running with the trend of the tunnel at this point, or through the 
presence of a small oblong pool of water left during a season of flood 
before the river finally deserted this level. 

The deposit is composed for the most part of loess-like silt, through 
which, at all levels, are scattered fragments of limestone and shale, 
the whole pres(>nting much variety- of composition and irregularity of 
accumulation; hence it is surnii.sed that the history of its deposition 
may be somewhat as follows: When at a period indefinitely later than 
the close of the Iowan epoch, and possibly much later than even the 
close of the Glacial period, the river retreated from the west side of 
the valley, leaving th(‘ limestone floor at the entrance to the little 
valley freshly exposed, the steep slopes of the valley, half a square 
mile in area, were mantled with loess deposits, and these, with coarser 
materials from the general surface, were carried down by creep and 
wash to the gateway of the little valley, where, since active erosion 
by the river had ceased, the}' accumulated, burying the exposed rock 
surface and the human remains to a depth of 20 feet or more and 
spreading out in a fan-shaped delta on the river flood-plain about the 
mouth of the \ alley. The narrow entrance to the valley probably 
favored accuimdation, and the weak intermittent rivulet must have 
been quite incapable of clearing the way and carrying the accumulated 
material far out over the plain to the river channel. At any rate it 
seems altogether reasonable to suppose that 20 feet or more in tlepth 
of this material could have been deposited within and about the 
entrance to the little valley. The amount of accumulation would be 
limited only by the length of time that the river channel remained far 
away to the east and by tlu! supply of easily eroded material. It is 
readily understood, however, that between the period of the burial of 
the human bodies and the present time the river may have returned 
once or sm eral times toward the west bluft'. permitting active work in 
undermining and cutting down the limestone, face. That it did return 
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is strongly suggested by the apparent reeentness of the eutting and 
the fact that the Concannon bench, the surface of which was at one 
time continuous with the flood-plain surface, is truncated on the face 
uniforndy with the main blufl'. This return of the channel to the 
west side would give the little stream the opportunity of lowering its 
channel to the present perfect adjustment with the river, and especially 
so since, as the centuries passed, the loess deposits had been largely 
removed from the slopes of the valley above and rapid accumulation 
about its mouth by creep and wash had necessarily ceased. 

The preferred interpretation of the phenomena, then, is that the 
relic-bearing deposits of the Concannon bench were not laid down in 
Glacial times by the silt-charged waters of the ^Missouri, but that they 
are a remnant of delta-like accumulations formed in comparatively 
recent times within and about the mouth of the tributary valley by 
local subaerial agencies, all save the' mort' protected portions having 
been removed b^' late encroachments of the ever-changing liver. 

The time involved would not be that reipiired by the Missouri to 
lower its flood plain from the upper level of the liench to the iiresent 
high-water mark, a descent of 3 g or 35 feet, but the period reiiuired 
to depress the flood plain from a little above the surface of the lime- 
stone floor on which the bodies rested to its present level, a descent of 
from 5 to 10 feet. The measure of this amount of erosion in years is 
the measure of the ago of the Lansing man: this may be thousands of 
years, but at most it can be but a fraction of the time reipiired by the 
other view, for, according to that view, the river, after burying the 
human bodies, filled its channel with glacial deposits until it over- 
flowed the highest bluffs, and then descended again to the present 
level. The time required to till up the valley, 3 or more miles in 
width and nearly liOO feet in depth, and then to cut this tilling all out 
again can never be determined, since chronologic criteria are largely 
wanting; but it might well reach ten, twenty, or even thirti' thousand 
years. On the other hand, the time required by the river to lower its 
bed 5 or 10 feet might possibly be expressed in hundreds rather than in 
thousands of years. It may be of importance to note, hof’ever, that 
even this amount of lowering need not be assumed in accounting for 
the facts. The high-water mark to day along the Concannon bluff, 
with the river a mile or two away across a wooded plain, might well 
be .several feet lower than the highest level reached by a strong cur- 
rent driven directly or even obliipiely against the blutf. 

The anthro) ologist may readily find other than purely geological 
criteria to aid him in reaching his conclusions. It is a part of our 
common knowledge that men have occupied the American continent 
for a long period, but that they occupied it during the Glacial epoch, 
or even at the period when the Glacial front tinally ri'ceded northward, 
IS not demonstrated. Besides, as already mentioned, the cranium is 
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well preserved and fresh looking, and is nearly identical with crania 
of our historic tribes. Now when, as in the present case, two some- 
what equally supported interpretations of the geological phenomena 
are possible — the one making it appear that remains of men occur in 
formations where they could reasonably be expected, and the other 
carrying human occupancy back ten thousand or twenty thousand 
years — the anthropologist may consistently accept, tentatively at least, 
the first of these interpretations, and the non-professional student of 
the subject may find it wise to at least withhold his full acceptance of 
either view until those geologists best qualified to discuss the special 
problems involved shall have reached practical unanimity. 

As a result of my own observations at Lansing, and considering also 
the conclusions reached by Professor Chamberlin and his associates, I 
find it difficult to come to an^' other conclusion than that the human 
remains under consideration are properl}' classed as of Post-Glacial age, 
interpreting that term to cover all time subsequent to the final retreat 
of the ice from the region south of the Great Lakes. 

The Lansing skull, illustrated in Plates I-II, belongs to Mr. M. C. 
Long, curator of the Kansas City Museum. It has been carefully 
repaired under the direction of Dr. George A. Dorsey, and is now 
deposited in the United States National Museum. 



THE WILD TRIBES OF THE MALAY PENINSULA. 


By W. W. Skkat, M. A.* 


In addition to the civilized brown-skinned Muhammadan Malay's, 
who are a distant offshoot of the Mongolian stock, there are at least 
three groups of savage and heathen tribes in the Malay Peninsula, 
which maj' be rougliL’ distinguished as follows, according to the char- 
acter of their hair: 

, 1. Woolly-haired Negrito tril)es, called St'inang. 

2. Wavy -haired tribes, called Sakai. 

3. Straight-haii'ed tribes, called Jakun.'’ 

Of these, the Negritos (Semang) are found in northern Perak, 
Kedah, Kelantan, Trengganu, and the northern districts of Pahang 
(PI. 1. 1); the Sakai in southern Perak. Selangor, and Pahang (PI. I, 2), 
and the Jakuns (mixed with other tribes) in all districts south of the 
States mentioned down to Johor and Singapore, and also, generally 
speaking, along the coasts (PI. I, 3). 

The first of these groups— the Semang — is a fairly pure branch of 
the Negrito race, which includes the natives of the Andaman Islands, 
in the Bay of Bengal; the Negritos, of the Philippine Islands, in the 
China Sea, north of Borneo, and the Semang, of Malaya. 

A curious .point about this group is that it still remains a moot ques- 
tion — as our most recent authorities declare — whether any Negritos 
occur in Borneo, which would naturally be the connecting link between 
the Malay Peninsula and the Philippines. 

Some day it may be possible to answer this question, but meanwhile 
it is no less difficult to say who the Negritos really are. They seem to 
have received their name from the Spaniards, who regarded them as a 
sort of dwarf negro race, although they have nothing in common with 
the true Negroes but their woolly hair and black skin. The old idea 

« Reprinted, by permission of the author and publisher, from Journal of the 
Anthropological Institute of Great Britain and Ireland, Vol. XXXII, January-June, 
1902, pp. 124-138. 

* Presented to the Institute February 11, 1902. 

rThis classification is practically baseil upon that of Prof. Rudolf Martin, of Zurich, 
who for some years past has been preparing an important monograph on the very 
difficult anthropology of ffiese tribes. It differs solely in the isolation of the thinl 
(.lakun) type, which is nicluded in Martin’s third group under the heading of 
“Mixed tribes.” 
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seems to have been that thei’ were the offspring of African negroes who 
had escaped from slave dhows which had been wrecked in the Eastern 
Archipelago; indeed, I have heard of one widely recognized authority 
who maintained that the Negritos were the descendants of African 
slaves brought over by Alexander the Great when he visited India. 

Nowadays, however, anthropolog}' takes a more sober view of racial 
relationships, and it is pretty generall 3 " acknowledged that the Negritos 
are not Negroes, nor even a branch of the Melanesian or Papuan race, 
as others have held, although, if there is to be guessing, the hypothe- 
sis that would appear to have the most likelihood of being some da}" 
substantiated is the brilliant suggestion of Sir William Flower, who 
thought that the Negritos might possibly represent an infantile type 
of a woolly -haired race, of which the Negro on the one hand and the 
Papuan on the other were highly specialized deriv^atives. Even this, 
however, as I have said, is but guesswork, and for our present pur- 
poses we must be content to regard the Negro, the Negrito, and the 
Papuan as the representatives of three very different and separate 
racial types. 

It may perhaps bo of interest to add that for many }'ears, perhaps 
on account of the tree-dwelling habits of some of these tribes, it was 
hoped that the Semang might pos.sess some ape-like attributes. 
Though these expectations have been shattered, and the Semang can 
not henceforth be regarded as possessing an abnormally pithecoid 
character, he still retains the interest which attaches to him as a rep- 
re.sentative of one of the wildest races of mankind now extant. 

The second type of which these races are composed is represented 
by the Sakai tribes, who offer, if po.ssible, a yet more difficult problem. 
An attempt has recently been made to identify them, mainly, it seems, 
on the strength of linguistic evidence, with what is called the Mon- 
Annam group of races, i. e., with the tribes who possessed till about 
si.x luindred years ago the country which is now Siam, and some of 
whom still occupy Pegu and Camboja. 

Linguistic evidence has, however, repeatedly proved a blind guide 
in the elucidation of racial problems, and I do not think w'e can depend 
upon it in the present case. Racial ctassitications must be based on 
racial facts, and in the present ca.se we have the more credable 
alternative suggested by Profes.sor Virchow for what appears to be a 
very different grouping. 

Virchow’s theory is .simply that the Sakai may quite possibly belong 
to what he calls the Dravido-AiLstralian race, the chief representatives 
of which are the Veddas or wild tril)es of Ceidon. the civilized Tamils 
of southc'rn India, the .\u.stralian black fellows, and the Sakai of the 
Mai ay Peninsula. 

In the essential characters of the hair and 1^‘ad, there is certainly a 
remarkable agreement, and the only great difficulty about this group- 
ing seems to arise from the color of the skin, which among the Sakais 
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often approaches a light .shade of yellowi.sh- brown, whereas among 
the Tamils black skins commonly occur. Profes.sor Virchow meets 
this difficulty by pointing out that the Sinhalese of Ceylon, although 
admittedly Aryans, are frequently so dark in color as to be called 
quite black. 

This point let authorities decide: all that can be said at present i.s 
that it apjiears an eminently sane and arguable hypothesis; and that 
it seems to have already found .some acceptance. If it is correct, we 
may perhaps suppose that these aboriginal Dravidians once extended 
far north into Indo-China and there acquired the dialects of the local 
(Mon-Annam) tribes, an idea about which there is at least nothing 
fantastic. 

The third racial group to which I have referred consists of the 
Jakuns. an aboriginal race closely related to the Malay, and which, in 
its pure type, possesses markedh’ Mongolian features. They belong 
to what the (fermans M-ould call the •‘Ur-Malay” race, but which we, 
in the absence of any such convenient prefix, are constrained to call 
by some such clumsy substitute as Prse-Malay or Proto-Malay — the 
'‘savage Malays" of Alfred Russell Wallace, d'hc simplest name to 
give them is perhaps " ^Malayan." 

This "savage 3Ialay" or .lakun race, or whatever we prefer to call 
it, is divided into two main groups. (1) the Jakuns of the Jungle, or 
Hill Jakuns. and (' 2 ) the Jakuns of the Sea, or Orang Laut. The lat- 
ter set of tril)es now consist of the broken remnants of the Pirates or 
Sea-gypsies of the Straits of Malacca, who for so many years were 
the scourge and terror of those far eastern seas. 

From what 1 have said it will. I think, be evident liow important 
are the issues which mai' depend for .solution upon our proper study 
of these tribes. Before closing these notes on the general relation- 
ship between these three races aiul their neighbors. I will therefore 
giv<' a few more details concerning each of the several types described. 

The physical contrast between all three races is most fortunately 
sharply drawn. 

The men of the first -mentioned race (Semang or Negritos) are about 
4 feet b or lb inches in height, their women being about inches 
shorter. The color of their skin is verv dark brown or black. Among 
the purest-bred Semangs 1 have seen it a glos.sy jet black, not unlike 
the color ascribed to the Andamane.se, viz. that of a newly black- 
leaded stove. The shape of the head is mesaticephalic and brachy- 
cephalic (i. e.. either rounded or intermediate between the long and 
round types). The forehead is low and rounded and projects over 
the root of the nose, which is short and depressed and pyramid shaped. 
The eyes ait‘ lound and wide open and show no trace of ()t)liiiuity. the 
iris being of a very rich deep-))rown color. 'Phe lips varv from mod- 
erate to full, the mouth is rather large, the chin but feebly develojved. 

SM IbUd 30 
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and a side view of the face sometimes shows some prognathism or 
projection of the lower part of the facial area. 

The hair is of a very dark brownish black (never blue black, as 
among Chinese and Malays). It grows in short spiral tufts, curling 
closely all over the scalp, if not shaved off, as it veiw frequently is. 

The height of the Sakai does not materialh’ differ from that of the 
Seinang." but the color of the skin is very much lighter than that of 
the Negritos, and sometimes shows a reddish tinge about the breast 
and extremities. The head is dolichocephalic, or long shaped. The 
face is inclined to be long, and would be hatchet shaped but for the 
breadth of the cheek bones, which help to give it rather an elliptical 
outline. The chin is commonh’ long and pointed; the forehead rather 
high and Hat. but brows often beetling, the notch above the nose being 
very deep: the nose small, often slightly tilted or rounded off at the 
tip, but at the same time broad and with veiy deep-set nostrils. The 
heal'd usually consists of a few long and frizzly chin hairs, remarkably 
like that of the Veddas of Ceylon, but in some cases it certainlj- grows 
long and bushy. 

The third class (the savage Malaj's or Jakuns) is hard to identify, as 
it has received a large admixture of Semang and Sakai blood. Never- 
theless, the pure type i.s. I think, recognizable and will be found to 
differ widely from both of the two types already mentioned. 

Thei' (the Jakuns) are a little taller than the Sakais or Semangs. 
Their head is brachycephalic or rounded, their skin olive brown to 
dark copper. Their face has a flattened appearance, and their lower 
jaw is inclined to be square. Their nose is somewhat stumpy — i. e., 
thick and short— but with wide-open nostrils. Their cheek bones are 
high and well marked, like those of the Malays and Chinese. Their 
eyes are black and of moderate size. Their mouth is large and broad. 
Their hair straight or lank, and with a blui.sh-black tinge to it. not 
unlike that of the Nlalays themselves. Their beard is scanty. 

In addition to the foregoing three main types we have perhaps 
naturally, in spite of their antagoni.stic elements, a good many instances 
of mixed tribes, most of which can, if the purest types be taken as 
standards, be resolved ivith a fair amount of certainty into their 
original ingredients. 

There are many physiological points about all those tribes which 
would be of great interest if I had time to go into them. Their arm 
stretch, for instance, is almost always greater, sometimes much greater, 
than their height. Their feet are unusually short and stumpv' and 
splayed, with a remarkable inward curve of the great toe, the prehen- 
sile character of which enables them, when spoiled by domestication, to 
become very clever at stealing. I have .seen Semangs run up trees bv 

"F<jr the information about the Sakais (a.-" well as for the type photograph) J am 
very deeply indebted to iny friend Rudolf ^Martin. 
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placing the Hat of the foot against the trunk and putting their arms a 
good way around it. The eyesight of the Sakais, as tested with the 
army tests, though not abnormal, is distinctly good and seems to com- 
pare very favorabh’ with our own. The Jakiin power of scent is 
exceptionally keen, and I was frequently astonished at the g'reat dis- 
tance at which they would notice the .smoke of a camp tire in the 
jungle many minutes before 1 could detect the least trace of smoke 
miself. Their walk is very peculiar, the foot ))cing lifted very high, 
almost as in dancing, and bv this, and a certain restless expression 
about the ej’es, even those Jakuns whose features are most like those 
of the Malays, can be immediately distinguished when thei' are met 
crossing open country. 

The food of these jungle tribes — their first and most vital considera- 
tion — consists mainly of i t'getabh' jiroducts. sueli as the roots and fruits 
which they dig up in the jungle, as well as (among tribes who have 
reached the first stage of agriculture) of the product of light crops, - 
such as yams, sweet jiotatoes, maize, sugar caiie. and bananas, and, at 
a later .stage, of rice. Meat food, consisting of game brought down by 
the blowgun or the bow, is also largely employed for food, but this is 
mainly among the Semangs, .some tribes of Sakais neglecting to go in 
pursuit of game until their supply of vegetal)le food is beginning to 
run out, though e^■en among a good many Sakai tribes l)oth hunting 
and trapping are energetically carried on. Some of the yams eaten 
are poisonous and require careful preparation to I’ender them tit for 
human consumption: some kinds are buried for days together in a ))ag 
in the swamps of the jungle (o- in running water), when they are dug- 
up and have the juice squeezed out of them with a lever before being- 
cooked and eaten; other kinds are grated on an ingenious natural grater 
made of the young growing- shoot of a lughly j)rickly rattan or calamus, 
the grated ma.ss being kneaded with a spatula iqjon a banana leaf and 
mixed with slaked lime in order to destroy its poisonous properties, 
when it is wrapped up in a strip of green banana leaf, inserted in a 
split stick, and roasted over the tire. At meals th(' Seinang men, 
from the olde.st to the youngest, all feed together l)efore the females, 
the latter, who have done the cooking, looking- on with hunorv eves 
until their lords and masters have tinished their repast. 

In the matter of aiumal food both Sakais and Semangs eat everv- 
thing that comes in their way — monkeys, deer, wild })ig-. birds, tish, 
porcupines, lizards, squirrels, rats, and mice: not even snakes are 
excepted from the menu, which, it will thus be seen, is a sutlicientlv 
varied one. 

In hunting and trapping, which are cnqdoyed solely for food ])ur- 
po.se.s, these tribes are. as might be (-xpected. I'xceedingly expert. 
They have a marvelous knowledge of the jungle and its inhabitants, 
and seem to have an instinctive knowledge of the pn-sonce of animals. 
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beino- able, when no one else ean, to tell the exact whereabouts of a 
bird or animal moving a great way off in the forest. Their sight, as 
I have said, is natiirallv good, and through training becomes wonder- 
fully (luick. The same is true of their hearing, and. as they are 
believed to be able to track snakes by their smell, it is evident that that 
faculty is in no way inferior. They know their way about the jungle 
better than anyone, and their intimate knowledge of the life history 
of the jungle beasts is turned to account in the methods by which they 
hunt and trap their game. 

HUNTING AND TRAPPING. 

The chief weapon of the Semang (as among Negrito tribes else 
where) is the bow. which closely resembles that used in the Little 
Andaman.-'." and with which poi.soned arrows are used. That of the 
Sakai and Jakun is the blowgun or blowpipe. This latter is com- 
monly a long slender tube, often *> or 8 feet long, composed (when- 
ever so long a piece is obtainable) of a single joint or internode of an 
exeeedingly rare species of bamboo, which is found in the peninsula 
on two or three high mountains only, and which is called Bambusa 
Wrayi.'' This tube is protected and strengthened by being- inserted 
in a similar bamboo tube or case of slightly larger caliber. The darts 
are made of tine slii ers obtained from the midrib of the leaf of certain 
kinds of palm. They are about the size and thickness of a steel knit- 
ting needle, and are furnished at one end with a small, conical butt 
which is made to tit (rather loosely) the bore of the inner tube or 
blowpipe. The point is about an inch or more long and as sharp as a 
needle, and just a))ove it a nick is cut in the shaft of the dart, which 
causes the point to break off in the wound when the quarry attempts 
to escape through the tangled undergrowth. The point is, moreover, 
thickly coated with poison compounded from some of the most deadly 
poisons known, among which are the .sap of the well-known Lpas tree 
(Anfinrix to.rifurid) and the .--ap of a shrub called Ipoh Akar, which is 
a species of Sti-ychno--. 

The blowpipe is a breeclih)ader. the dart being inserted in the ori- 
fice, with a light wad of a ffuff'v substance obtained from the leaf 
bas(‘s of a palm {raidjafii) packed behind the butt end for the ])reven- 
tion of ■■ windage." It is .shot by taking jiart or the whole of the 
mouthi)i(‘e(‘ into the mouth and sharply expidling the air from the 
lungs. Tlie dart thus poisom-d and ready to break off in the wound 
may in fact bi' not inaptly compari-d to the sting of a bee. from which 
it may (juite possibly, to some extent, have been copied. 

K. II. Muii, Tht“ Anilainiiii IsIiukUt^. 

very much ranu’ kiml is the \\oiMleii bhtwmiii of Kuaritau, wliicli nuule hy 
lashiii^^ to^^rether throu^^hout tiieir entire len^irtli two tialf cylinders of wooti. One of 
these latter, ineasunnj^ o feet 2 inches in leni^tli, has recently been j>resented to the 
British Museum by Mr. W , Douglas, of the F. iM. b?. service. 



THK WILD TRIBKS OF THE MALAY PENINSULA. 


4()9 

Even the blowpipe itself i.s not without its natural prototype in the 
Malay Peninsula, in the I’ivors of whieh there liv(‘s a sniall tish railed 
Td.mti'x jitciilainr, which I have myself .seen shoot a Hy oti' a half sev- 
eral inches above the surface of the river liy means of a small drop of 
water forcibly expelled from its mouth. 

By the Sakais eacdi of the darts is carried in a separate reed, about 
30 to nO of tlu'se reeds beintf laslu'd to»;ether, rolh'd up into !i bundle, 
and fitted into an ornate bamboo <piiver. 'I'he butt ends of the darts 
are frecjuently marked to distino-uish the- strenijcth of th(> poison. 

d’he Seinanc’ ((uiver contains fewer darts than that of the Sakai, and 
is without reed bundle, cap. or rintrs; in fact, it is a mere int(*rnode or 
joint of bamboo which is only remarkable for the beauty of the 
de.signs with which it is decoi-ated. Various compounds of the two 
main poisons to which I havt' referred are used by the wild tribes, the 
ingredients Aarving' according' to the fancy of tin* maker. Thus, 
venom from the fangs of sei'pents. centipedes, scorpions' stings, etc., 
i.s frequently added, though it is in no way really lanpilred. Fur- 
nished with these darts. b(»th Sakais and Semangs regularlv bring 
down their quarry at short distances up to about 30 paces, and have 
even been known to kill birds and monkeys on high trees at a di.s- 
tance of t;0 yards. The method of collecting and applying the coat of 
poison to the dart point in its simplest form is as follows; 'Fhe bark 
of the tree (when the tree poi.son is used) is slasln*d with a jungle 
knife in the shape of a big V. The poi.sonous sap. which immediately 
collects at the apex of the \ . is then drawn otf into a bamboo vessel 
and carried home, where it is either, when small quantiti('s nri* used, 
as among the Semangs of Kedah, merely heated and applic'd to the 
dart points or prepared by boiling until a sufficient consistency is 
obtained. In the former case it is poured out into a bamboo tray and 
applied to a broad wooden .spatula, which is heated over a tire until 
it begins to dry, wln'ii the ]>oint of the dart is rolled upon the spatula, 
the dai't being then deposited against a fallen tree trunk to dry in the 
sun in a safe place. Among some Sakai and Jakun tribes an elaborate 
kind of drying- rack is used, which pn'vents the darts, which are verj' 
light, from being carried away in a high wind whih* dr 3 ’ing. 

' IIABITATIOXS. 

The most ))rimitive forms of dwelling employed by the wild tribes 
are rock shelters (sometimes caves, but mor(> commonly natural shel- 
ters under overhanging rocks) and leaf shelters, which aie sometimes 
formed on the g'-ound, sometimes between the branches of tree'. The 
simplest form of these leaf shelters consists of a single big palm leaf, 
which is planted in the ground to afford the wanderer some slight 
.shelter for a single night. The more elaborate leaf shelters, used 
especially by Semangs. sometimes take the form of a riuh* lean to. 
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consisting- of three or four uprights planted in the ground at an angle 
of about 60 to To . with palm leaves or branches lashed horizontally 
across them. Otlu'r kinds consist of palm leaves planted in the 
ground in the form of a .semicircle or circle, the leaves, w'hich are 
frequently about 6 feet long, drooping over toward the center, and 
thus forming a shelter of the circular or beehive type. The most 
developed form is a long communal leaf .shelter in which all the mem- 
bers of the tribe reside. 

The Malayizing tribes who come more into contact with civilization 
insensibly adopt the Malay type of hut, but even here some striking 
departures from the normal Malay type are to be seen, e. g., in the 
low or almost totally absent side walls and in the projection of one 
side of the gable over the other, so as to allow the roof to remain 
open at the top. These huts are generalh’ barricaded with fallen 
tiees. 

The tree huts or “human bird nests,” as they have been called, are 
built at a height of from 20 to 30 feet from the ground, chiefly as a 
means of e.scape from wild elephants. 

arts and crafts. 

The craftsmanship of these wild tribes, though extremely primitive, 
is (‘xcellent of its kind, and shows that they by no means lack inge- 
nuity. 

The manufacture of the blowpipe, its darts and quiver, as already 
described, forms an important industry of both Semang and Sakai. 
The tiee-bark cloth of the wilder tribes is made by hammering (with 
a wooden mallet) tin* bark of a big jungle tree called Terap 
Knnsth ri, a species of w ild breadfruit tree), the outer surface of w'hich 
is hist reimn ed by .scraping it with a kjiife. The mallet is frequentlv 
improved 1 ) 3 ' tiansverse grooves or teeth, which assist in the .separa- 
tion of the fibers. 

A not les.- interesting type of cloth is manufactured from the cuticle 
of the Upas ti-eo (Atit/aris) itself, a tree which belongs, I believe, to 
the same order as the Ai’tocarpus. In this case a voung sapling (of 
the Upas tiee) is felled and a ring cut round the bark a few' feet from 
the base. The bark i-^ then scraped and pounded in situ with a 
lounded wooden mallet or club for a space of about a foot below' the 
incision. The pounded part is then pulled awai' from the stem, sep- 
arating at the point wh(>re the bark meets the wood, and is turned 
down (not rolh'd) and skinned off like a stocking, the scraping and 
pounding being continued at intervals, as rtapiired, until all the bark 
is completel v separated. 

As regards other forms of industry, mat work, basket work, and 
netting, ai-e all found among these tribes, but no kind of weaving or 
potterv whatever. A high artistic .sens«‘ is, how-ever, shown (bv the 



THE WILD TRIBES OF THE MALAY PENINSULA. 


471 


Semaiig' espeoiall\’) in the beautiful and tineli' executed designs with 
which they decorate their blowpipe.s and quivers, and the magic combs 
worn In' the women. An amusing example of the skill of the Jakuiis 
was furnished me in the form of a set piece, representing' the use of 
the blowpipe. 

DRESS. 

The commonest form of clothing worn by the men of all these tribes 
is the waistcloth of tree bark, which con.si.sts of a long narrow strip of 
hammered bark. That of the women, on the other hand, is usually^ a 
sort of short petticoat or wrapper of the sanie material. But the most 
interesting form of girdle worn by these tribes is undoubtedly one 
which is beautifully woven from the long, l)lack, shining strings or 
cords called rhizoniorphs. which ar«‘ in reality the vegetative parts of 
a toadstool. (PI. 1, 4.) 

Leaving the question of girdles, there are several other slight, but 
otherwise important items of attire worn by these tribes, such as arm 
bands, necklaces, and combs. Arm bands and even leg bands are fre- 
quently worn, apparently for the purpose of bandaging and so 
strengthening the muscles. They vary from a simple tie of jungle 
fiber to metal circlets or spirals, which latter are usually obtained 
from the ilalays. 

The necklaces, which are worn chiefly by the women, it would 
appear mainly for magical purposes, consist at times of as many as 
nine sti'iugs, and are conijxised of such objects as monkeys' teeth, 
tufts of hair from squirrels' tails, black and white bt'ads. seeds of jun- 
gle fruits, shells, etc. 

The combs, which bear magical designs, and are worn solely by' 
women, are of the kind which I believe are termed back combs in 
England, but which are onlv worn to defend the wearer against poison 
or sickness. To complete the picture, tattooing or rather scarification 
is practiced over a limited area among the wilder tribes of the interior, 
with face and body' painting (apparently' as a substitute for tattooing) 
in places where Malay' influence has begun to enter. The usual pat- 
tern consists of four or five horizontal stripes on the cheeks, with a 
sort of trident or pitchfork design on the forehead or chin. For the 
stripes on the cheeks are often substituted roivs of black and white 
dots, supposed to represent what are called the spores, or perhaps 
more correctly the sori, of a fern. ^Hie tattooing is performed by' 
drawing the finely serrated edge of a sugar-cane leaf across the skin 
and rubbing into it powdered charcoal. 

In addition to the foregoing the .septum of the nose is frequently' 
(among the Semang and Sakai only) pierced to admit the quill of a 
porcupine, bone, or piece of stick, or some other decorative object of 
the kind. 
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JirSIC AN1> OAMTN'U. 

It would tiiko too loRO' to descrilje in any .sort of detail the musical 
instruments of these tiihes. Suffice it to say that they are almost 
always made of hamhoo. some of the most primitive kinds ])eing of 
special ethnographical interest, notaldy the bamboo jews-harp and the 
nose flute. One or two of those latter (PI. I. . 0 ) may be played at a time, 
the performer breathing' into the mouth hole of the flute thrf)uoh the 
nostrils. This in^trumeut is found among- tribes who do not use the 
blowg'un, as well as among tho.se tribes who do. but the accomplish- 
ment should be an easier one for the latter, i. e., the Sakais, to acquire, 
fi'om the lu-althy development of the lungs with the blowpipe exer- 
cise. Simjfl('r forms of instruments are represented by a couple of 
.sticks which are struck together, producing a .sound like eastagnettes, 
and (among the Semang) by big internodes or ‘“joints" of bamboo, 
which are closed naturally by the node at the lower end and played 
by being beaten at the upper end with a fan-shaped palm-leaf beater. 

The most important instrument of the dakuns is the drum, which is 
made of a hollowed-out trunk of .sci-ew pine, headed with the dressed 
skins of mouse deer or monkeys. 

On festive occasions, e. g.. for singing and dancing, both sexes 
decoi'ate the person profusely with festoons of leaves. Ihe Sakais 
and dakuns in addition wear upon the head a curious circlet made of 
strips of palm-leaf (li<'uala) in the form of a jdait with long .stnaimers 
so depending from it as partially to conceal the face of tlu' dancer. 
That of the woman has in addition a number of short sticks on which 
are spitted fragrant leaves or flowers, on a principle of which Ave seem 
t(j have the countei'part in the design of .some of our peers' coronets. 
In the girdle, head-band, and festoons (which are crossed upon l)ack 
and breast) are ins('rte(l luinches or bomjuets of eunninglv Avoven 
strips of palm-leaf repn'smiting noo.-es. etc.. Avhieh are said to be 
intended to entrap e\ il spirit^ Avhen they make as.sault upon the person 
of the dancer. 

Fiiiidlv a ^hort wand or .sceptcu' i-. carried, which takes at times a 
most peculiar -^hape. i'es(>mbling a .'■ei-ies of cresci-nts and flouble axes. 

(PI. I. 5.) 

FEA.sTS AM) .SOXOS. 

In former days at harvest time* the dakuns kept an annual festival, 
at Avhich. the entii'e settlement having- been called togetlu'r. fermented 
Inpioi brewed from jungle fruits Avas di'unk: and to the accompani- 
ment of strains of their rude and incondite music, both sexes, croAvn- 
ing theniseh-e-, with fragrant leaves and flowers, indulged in bouts of 
singing and dancing, which grew gniduallv Avilder throughout the 
night, and tt'rmmated in a strangi' kind of st-xual orgie. 

The songs Avhich were sung on these occasions Avere sometimes 
nierelv topogiaphical. but more often the themi' Avas a description of 
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some one of the deiiizeiit- or products of the juno-le. Coininencino- In- 
setting- forth the attributes and habits of sonic particular wild animal; 
or bird, they would proceed to describe the incidents of its pursuit b\- 
men from their encampment, its death by a venomed shaft from the 
Idowgun. the return of the successful huntsmen, and the impartial 
division of the spoil. It has often been said that these songs are mere 
gibberish and have no connected meaning. Wlndher they are so or 
not, the following I'xtracts will show. 

The first is one of the Semang songs which I took down in Kedah. 
It refers to a kind of long-tailed monkey called ” kra." whose name 
forms the burden of the song. 

“He runs al(in<j the branches, tlie kra, 

Carrying fruit with liiin, tlie kra. 

He walks to and fro, the kra, 

( )ver the knotted ‘seraya’ tree, the kra, 

Over the knotted ‘raiiibutaii’ tnv, the kia, 

( )ver the live bamboos, the kra, 

( )ver the dead l(anit)oos, the kra. 

( )ver the giant bamboos, the kra. 

He liangs downwanls, the kra. 

And runs along the branches, the kra, 

He runs along and hoots, the kra. 

And peers forward, the kra. 

Among the young randmtans, tlie kra. 

And shows his grinning teeth, the kra. 

From every .“ajiling, the kra!” 

Here is one of the Jukun songs, which is one out of a siH of about 
thirty ditl'erent tmes which I took down in Selangor: 

“ 'Iinpit-iinpit’ is the cry of the rhinoeero.'-, 

Tlie rhinoceros of the herd (calling) to the recluse rhinoceros. 

He calls his comrailes to seek for food. 

He walks the forest and climbs the hills. 

He walks abroad when the dew ilries on the granite. 

What skills it for me to resist the rhinoceros? 

I call my comrades, but my comrades are not there. 

1 am terrified and climb up into a tree. 

But the rhinoceros waits at the tree’s foot. 

I break off a liow and throw it down to him. 

The rhinoceros champs it, and passes onward. 

I climb ilown to ground again and run b.ack homewards 
And climb into the hut, but the rhinoceros follows. 

I take my gun and shoot the rhinoceros. 

The bullet has hit him! The rhinoceros has fallen! 

1 roa.st him next and cut up the rhinoceros, 

.tiid give of the meat a little to everyone. 

But the horn I sell to the Chinese foreigners.” 

Other songs in my colh'ctions describe the tiger, (deplmnt. bi'ur, 
crocodile, birds and bats, tish, various reptiles, and fruit. A very 
pretty one i.s about children bathing. 
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MARRIAGE. 

Marriage, among all the.se tribe.s, is said to be based on purchase. 
Of the actual ceremonies the most interesting is the form of wedding 
rite which is usually de.scribed as the ant-heap ceremony. The bride- 
groom is reipiired to ov’crtake the bride before she has run seven times 
round the ant-heap, and in the event of his failing to do .so the marriage 
has to he postponed for a future occa.sion. 

This is the usual account given by people who have recorded it from 
hearsay. I was, however, on one occa.sion fortunate enough to be 
present at one of these weddings, and I then discovered that the 
orthodox oliject round which the cha.sing took place was not really an 

ant heap, but a small arti- 
ficial mound, the cau.se of 
the confusion being the u.se 
of the Malay woi’d Busut, 
which may bear either 
meaning. The artificial 
mound (fig. 3) which was 
u.sed on this occa.sion was 
about 34 feet higdi with 
about the .same diameter 
at the base. Its shape was 
that of a truncated cone, 
surmounted bv a small 
globe and knob. It re- 
sembled not remotely a 
gigantic bell and bell han- 
dle. It was decorated with 
jungle Howers, and the 
Jakun chiefs assured me that this was the '‘genuine artiide." and that 
it was the emblem of their religion, and I .see no reason for doubting 
the statement. 

Before the pursuit of the bride takes place the man or his proxy is 
subjected to a severe catechism by the woman's repre.sentatives, the 
(piestions asked living of a most .searching description, e. g. : 

•• Can you fell trees? 

“Can you climb for fruit? 

“Can you find turtles’ egg.s? 

‘‘Are you clever at using the blowpipe? and 

“Can you smoke cigarettes?” 

This last query doubtless relates to the tact that the, ceremony .some- 
times comdudes with the smoking of a cigarette jointly by bride and 
bridegroom. 

Among the Orang-Laut or sea gypsies the pursuit .sometimes takes 
the form of a cano(> race, in which the woman is given a good start, and 
must be overtaken by the man before she has gone a certain distance. 
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FUNERAL. 

At a Sakai or Jakun funeral the body of the deceased is slung from 
a pole and carried to a distant spot in the jungle — at least a cock’s 
crow from the nearest house. Here it is wrapped in a new cloth and 
buried in a shallow trench, the clothes worn during the life of the 
deceased l)eing burned in a tin' which is lighted near the grave. The 
grave being tilled up, rice is sown upon it and watered, some hei'bs 
and young bananas, etc., are planted round it (all of these being for 
the deceased's soul to feed upon), and finally a small three-cornered 
hutch, not unlike a doll's house, but raised on very high posts, is 
erected near the foot of the grave for the soul to reside in. The soul’s 
house itself is about a foot and a half high, is thatched with palm 
leaves, ainl provided with a ladder for the soul to climb up ])y. It 
contains in addition diminutive emblems of the sex of the deceased (in 
the case of a man, the model of a hatchet and a jungle knife, etc.; in 
the case of a woman, the model of a back baski't or wallet, such as is 
carried by the women of the tribe), as well as a supply of food (a little 
rice and fish, etc.) for the deceased’s soul to fei'd upon, tobacco for it 
to smoke, and betel leaf for it to chew. 

The Semang, on the other hand, practice a simple form of interment, 
a supply of food and drink being placed in the grave along with the 
body. There is. however, a tradition that they list'd to devour their 
dead and bury the head only, and although this assertion is certainly 
untrue now, and probably always was so, it is more than probable 
that like their close kinsmen the Andamanese they may once have been 
in the habit of disinterring the bones of their dead and breaking them 
into .short segments to string on to their necklaces, in which case the 
skull may have once been worn, as among the .Vndanianese. as a sort 
of pendant attached to the necklace. 

MAUIf. 

The chiefs of the tribe were often, if not always, medicine men or 
magicians, their power in this respect being greatly feared Ijy the 
Malays, who lielieved them to be capalile of slaying people at a distance 
by means of what are calk'd “sendings." which were small slivers of 
bamboo apparently representing darts, which being placed on the 
palm of the hand would (it was thought), at the magician's bidding, 
fly through space until they reached their intended victim, whom they' 
would pierce to the heart and kill even at a distance of two or three 
days’ journey. 

The Buluh I’erindu or "love and longing" bamboo was said to 
grow upon almost inaccessible mountain })eaks. Slivers of this plant 
were formerly obtained from the Jakuns bv the members of Malay 
traveling theatrical troupes, who in.serted them between the teeth. 
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this ])('ino’ believed to render the voice of the wearer irresistible. This 
custom, however, led. it was said, to sucdi abuses that formerly in some 
parts of the peninsula the posse.s.sion of any portion of thi* "Ruluh 
Perindu" was punished with the death penalty. 

The chintluai or ehino'kuai is a small fragTant plant with minute 
intlort'seences (sometimes it is <leseribed as a small white tive-petaled 
blossom) which is heli(A ed to Ix' one of the rarest and most fragrant 
dowel's in tin' world. 

The story goes that it formerly grew underneath a ledge of over- 
hanging rock on one of the crags of the Flu Klang mountains. 
Although the exact sjjot where it grew could be seen from the ledge, 
it was nevertheless inaccessible, and it was said that the wild man who 
wanti'd it had to ascend the mountain and there keep his fast possibF 
for weeks or months upon the summit of this h'dge until a kite, which 
used the chinduai as medicine for its young, should drop a piece in 
flying over him. ^\'hatevel■ may be the facts, this particular charm 
is well known in connection with the Klang country, and is alluded to 
in the local quatrain which says, “Set not your foot upon the Klang 
mountains; if you do you will suifer from their charm." 

Roth Semang and Sakai are great adepts at the exorcism of demons; 
and on one occasion I saw an apparently wonderful cure etfected by 
this simple means, the patient being a woman belonging to one of the 
tribes of Semangs in Kedah. We were all sitting and talking quietly 
in the long coiiimunal leaf-slu>lter in which the tribe lived, when one 
of tlu' women, who sufl'en'd at intervals from agonizing pains in the 
limbs, was seized with a sudden paro.xysm (which made her scream 
with pain) and presently leaped to her feet and fled into the jungle. 
The remainder of her companions, who declared that she had gone 
into the jungle to die there, slippi'd out one by one after her, and 1 
decided to follow them to st'e whether anything could be done. When 
I arri\'ed J found the woman s<'at(‘d on the ground, while the chief, 
in his capacity of medicim* man to tin* ti il)e. was digging away for 
dear life with a pointed stick to try and unearth the stump of a small 
sapling which grew near tin* spot, d'his he presently succeeded in 
doing, and on examining tlie I'oot found what he pronounced to be 
clear evidence of tlu' demon's n'cent presence in the curious pinching 
in of part of the root. lie m'xt tooki'arth out of the hole and rubbed 
it over the patient's stomach and back, muttering charms as he did so, 
in order to indiU'C the demon to return to the spot whence h(^ had come. 
In a few ndnutes the woman began to get better, hut as the demons 
were not yet (pate done with, the chief pi'oceeded to dig up the stump 
of anotln'r tre('. this time a creeper, whose root [)roved in shape to bear 
some r('S(>mblancc to a mandrake. He then repeated the former pro- 
cess, and chanted his incantations more \ igoi'ouslv than e\er, at the 
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conclusion of which two of the men of the tril)e who assisted him hurled 
away into the junyle the stems of two saplings which had ])een hung 
near the spot, in order, they said, to get rid of the demon's presence. 
By this time the woman had ceased her lamentations, and in about ten 
minutes’ time was pronounced cured, after which she quietly returned 
to the encamjmient as if nothing had happened. 

The whole performance was an excellent example of sympathetic 
magic or make-belie\ e. 

The most remarkable development, however, of the wild magician's 
alleged powers is connected with the "tiger man” beliefs, which are 
analogous to former European ideas about werewoh es. One of the 
Semang men whom Mi'. Laidlaw and 1 met at Clu Aring. in Kelantan. 
had the reputation of being a notorious tiger man, or B'lian. and gave 
me some intm-esting information alnuit the performance. "You go. '’he 
said, "a long way into the iungle" (usually, he added, into thi' next val- 
ley), “and then', when you are <[uite alone, you squat clown upon your 
haunches, burn incense, and. making a trumpet of your hand, blow 
some of the smoke' of the incense through it. at the level of your face, 
in three directions. You then rc'peat this jiroecss. holding your hand 
close to the ground: all you now have' to say i-. 'Ye' chiip' (T am going 
abroad'), and presently your skin will change, the' strijx's will appear, 
vour tail will fall down, and you will become a tiger. ^Vhen you wish 
to return say. 'Ye wet ’('I am going home"), and you will [iresently 
return to your natural form.” It sounds easy e'nough. and the' only 
wonder was that one so se'ldom heard in that jiart of the world of tlie 
di.sappearance of an obnoxious rival or a .se-eelding wife'. 

The most intere'sting point about this ce'remony. however, is its 
apparent universality, for it is found, mutatis mutandis, in all parts of 
the globe. In passing, it may be noteel that a small variety of ripping 
knife [hthubin). shaped like a tiger's claw, and fitted with a hole in the 
haft to pass the linger threeugh. is well known and used to this dav 
both in the' ^lalav Peninsula and Sumatra, in both eif which countries 
the were-tiger belief is still held strongly. 

KEi.ieaoN. 

The religion of the wild tribes is a form of shamanism such as 
prevails in othe'r parts of soutlu'ast Aasia. They believe in certain 
grc'ate'r spirits, who may perhaps, when we' have' found out all about 
them, prove to be a sort of gods in the making. But theyv have, of 
course, nothing which exactly ceerresponds to our own idea of God, 
and the evidence' on this subject is more than usually e'ontlicting, owing 
to the e'xtrcme re-tice-nce' and timidity of these wild men themselves, of 
whom it would be' but little' exagge'ratiou te) say that tlie-v we're* as wilel 
as dee'r. Meest eef the'iii be'lieve' that the' soul sheertly afte'r eh'ath pre)- 
ceeds to a place called the Island of Fruits (the' jungle' man's ich'a of 
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a paradise), which they not unfrequeutly identify with t-he moon. To 
reach this island the\’ are compelled to cro.s.s a boiling lake resembling 
a copper, b}- means of a narrow bridge formed of a fallen tree trunk, 
and the souls of the wicked, failing to accomplish this in safetiy fall 
off the log into the lake, where they swim about desperately for three 
long years, clutching at the smooth sides of the lake, after which the 
(•hi(‘f of the Island of Fruit Trees, if he so thinks lit, contemptuously 
lets down to them one of his feet so that they may catch hold of his 
great toe, in which undignified fashion they are at length permitted to 
escape from purgatoiy and to enter paradise. 



THE PYGMIES OF THE GKEA'P CONGO FOREST. 


Ry Sir Harhy H. ,)ohnston, (C C. M. (t. 


[In llto r».'cos''Cs of tho groat (’oniro toro>t have boon iliM*4>voro<l two triho'* of men. the most l)aok- 
ward in their devehipmoiit irom lower forms ol all tho s.ivnge ra<‘os of tho Dark (.'ontment. Tho 
following article is an ac<'onnt ot thoir appoaraiua*, iikmIos ot Hio afi<I •'peeoh. ttigother with some 
vastly suggostivt‘ theories of their dosceni from tlio prehistoric invaders of Africa from Asia ] 

THK TNFLirplNt’K OF A (MIKAT FOREST ON THE EVOLUTION OF AIAN. 

The gi’fut Congo forest of we.st-ccntral Africa nm.-it undoubtedly 
bo regarded as a very iinpoilant factor in the past history of Africa. 
By "history" I do not mean the record of man's doings only, or of 
the progress of the civilized races of men, whose adventures chroni- 
cled by writing have narrowed the use of the word to records of the 
progress of humanity during, let us .say, .seven thousand years, a mere 
half minute in the hour of man's e.xistence. For not only in the 
“ prehi.storic " movements of man, but also in the i)r('ceding migra- 
tions of great beasts and anthropoid apes has this mighty fore.st 
checked and deflected the distribution of .species or received into its 
bosom hunted, defenseless forms, which have thus been enabled (as in 
the case of the Okapi) to linger on into the present day. 

Before, therefore, I proceed further with my description of remark- 
able negro types which are to be found on the eastern limits of this 
forested region, it may be well if I detine clearly the area of forested 
Africa at the present day. Roughly .speaking, the whole f)asin of the 
Congo, the enormous area of relativeh' low-lying land (once possibly 
the .site of inland seas or of an extension of the ocean), is a region of 
dense forest. On the southwc.st tin* forest stretches, with here and 
there a break, over to the upper waters of the Zambesi River, and on 
the northeast it overlaps the Nile watershed, the southwestern fringe of 
which is covered with forest that spreads uninterruptedly from the 
Congo. In countries to the east, and even here and there near the 
littoral of the Indian Ocean, patches of primeval forest exist which 
.scarcely differ from that of the Congo. It is possible, therefore, that 

" Kepriiited by permission of Sir Harry H. Jolinston and the jadilislier, from 
MeCInre's i\laj;azine. Feiirnary, I!)02; iiKHlitied, by permission of the antlior, liy 
paraerapJis from Volume II of The Idranda J’rottM-torate, by Sir Harry H .lohnston. 
iXevv York: Dodd, Mea<l ik Co.. 1902, 
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the whole of Africa south of the northern tropic may once have been 
one continuous primeval forest. 

Certain regions, however, on the north and south and, above all in 
the eastern half of the continent, prov'ed less capable, from conditions 
of soil or moisture, to support this growth of vegetation. In these 
regions the great mammals that invaded Africa during the Pliocene 
epoch, through southern Asia and Arabia, found less resistance to 

their progress and conditions, such as the 
growth of grasses, more favorable to the 
development of herbivores; while of course 
the great carnivorous animals could exist 
only where the big vegetarian beasts would 
thrive. The mighty forests still e.visted, 
however — existed possiblv with small inter- 
I'uptions — right across the continent from 
west to east. They therefore received into 
their safe recesses the anthropoid apes and 
the more timid and defenseless mammals of 

Ape-Iiko Mukonjo Blackihh skin. i • r » i • xi x 

large size, which m the more open country 
would have been completely exterminated. The anthropoid apes had 
no doubt been driven away from western Asia and southern Europe 
by their successful compeer and offshoot, man, who can have been the 
only serious enemy of these ancestors of the gorilla, chimpanzee, and 



orangutan. 

Some long while after the scared chimpanzees and gorillas had found 
a secure refuge in the dense woods of West C'entral Africa the earli- 


Ape-Lkf ly}K“, Miinainlo. Yb'llow- 
ish .'-kin. 

canthropus eri'ctusj has beclrr discovered fossil in Java. In any case 
earl}^ man ajipears to have had an immense development in and around 
the Indian Peninsula, and possibly there or thereabouts developed the 
three main tyj>es which he exhibits at the jiresent day —the Mongolian, 
the Caucasian, and the negro. 'Pin' pressuri' of superior rae(‘s drove 
the lU'gro types out of Southern .Vsia eastward to the Andamans, 
^lalacca. New (Tiiinea. the Pacific Islands, and Tasmania, ainl westw'ard 
across Baluchistan, Mesopotamia, and Arabia to Africa. * * * 



est types of humanity w ho had entered the 
Dark Continent were also pushed toward 
this gloomy forest by the inroads of superior 
tribes, and some of their descendants exist 
there at the present day. 

THE ANCESTORS OE THE Al'E-LlKE MEN. 

It may be assumed as the most probable 
of all the theories on the subject that the 
human type emerged from the ape some- 
where in Asia, possibly in Southern Asia, 
inasmuch as the real missing link, Pithe- 
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Summiiio- up the experiences of many Afrieun travelers, tooether 
with niv own observations. I slionhl venture to say that there is a pro^-- 
nathous l)eetling-t)rowecl, short-Iegg-ed. lonjt-armed "ape-like" tvpe 
of negro, dwelling in pariah tribes or cropping u{) as i-eversi<inary 
individuals in a better-looking people, to be 
met with all down Central Africa, from the 
Bahr-al-( ihazal to the up])er watm-s of the 
Zambezi and westward from tln' Mount 
Elgon and British East Africa to Bortuguese 
Guinea. I have seen during my experience 
in British Central Africa very prognathous 
ape-like negroes coming from the regions 
roundabout the Congo-Zatnbezi watershed. 

The}’ were shnes in Arab cara\ ans. Messrs. 

Gi'ogan and Sharp noticed this stranga' r.vfrmy Acunan, 4 act i; iueiics m 
simian type between Lake Kivu and Lake laiLtiit 

Albert Edward, on the eastern edge of the Congo forest. Knowing 
nothing at tlie time of tlu'ir ol)servation.s in this i-cspeet. 1 wiis much 
struck on entering the countries west of Kuwimzori iit the ape-liko 




Shnrt-lftj^'cd t\i>eof iienni 
from Suruliki M ufi- 


appearance of some of the negroes whom I encoun- 
tered. These were ostensibly memh('rs of the 
Bakotijoor Baambti tribes on the westei'n flanks of 
that SHOW}' range, or they wt'n.' ]>iiri;il)s dwelling 
liy themselv('s on the fringt' of tin' great Congo 
forest, w('st 4)f the Semliki River. 'Phis a])e-like 
type was generally known to tin' surrounding 
negroes as " Banande.” Whene\ er 1 encountere<l 
a rather brutish individual in thi-. part of the 
country, he always turned out to l)e a Munande. 
but 1 am not able to .'-ay that tiu'ri' wa-. any defi- 
nite ape-like tribe known as •• lianaiuh'," On the 
contrary, whilst here and there prognathous short- 
legged individuals existed in separate communi- 
ties in a pariah like condition, very often they 
might he the offspring of Bakonjo, Babira, 
Baamba, Lendu, or Bambuba ix'oples, who, in 
their ordinary type, rvere decidedly not simitm, 
but who may have mingled in times past with the 
hjwest stratum of the aboriginal population, with 
the result that the a|K‘-like still 4'ropped u[) by 


vanuniJi i 


occasional revei'sion, I should also obser\ e that 


similar prognathous, long upper-lijiped, short-legged negroes ri'ap- 
pear, though in a less marked form, among the Bantu people on the 
western slopes of Mount Elgon, in the. dense forests clothing the 
flanks of that huge extinct volcano. * 


.sM r.»oo — 31 
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So far I have oiveii the result of a general impression on the eye of 
variou> travelers when I have spoken of these negroes in the forested 
regions and border lands of the Uganda Protectorate beintr "ape-like.” 
But I should state that the skulls examined, the photographs of the 
physical appearance studied, the measurements of head and body 
analyzed do not enable scientific anthropologists to indorse the term 
"ape-like " which has been used by my.self and others to describe these 
negroes of degraded aspect. They offer sufficient general resemblance 
to the forest Pygmy type to be classed with them, perhaps in a group 
which 1 have styled (for want of abetter name) the "Pygmy-Prog- 
nathous." * The resemblance between the pygmies and these 

Banande would appear to be osteological. Outwardly there is no 
special likeness between the two groups. Further evidence mai" show 
that the ape-like type may crop up in any negro race, whereas there 
can be do doubt that the foi’est pygmies are a well-marked and distinct 
type of negro. 

Kven before the negro quitted Arabia to invade and occupy the 
greater part of Africa he may have developed a pygmy type, or have 
had a tendency to generate races of stunted stature. Kemains which 
have been found in Sicily, in Sardinia, in Liguria, and the 'Pyrenees, 
including a curious little statuette fashioned by men of the Stone Age 
discovered in the last-nanu'd locality, hint at the possibility of men of 
this pygmy negro type having spread over part of Europe. It has 
been even suggested by more than one anthropologist of authority that 
a dwarf-negroid race may have at one time existed in northern Europe, 
and by an exaggeration in legend and story of their peculiar habits — 
habits strangely recalling the characteristics of the little dwarf pimple 
of the Congo of the present day — have given rise to the stories of 
kobolds. elves, sprites, gnomes, and fairies. Like some of the Bush- 
men (who are. however, an independent development or an arrested 
type of negro) who inhabited South .\frica when it was first discov- 
ered by Europeans, and who still «‘xist m the southwestern part of 
that continent, like the Europi'an and Asiatic races of the I'arly Stone 
Age. these negro dwarfs m bleak or poorly forested regions no doubt 
lived in caves and holes, and the rapid manner m which thei' disap- 
peared into these holes, together with their baboon-like adroitness 
in making themselves iiivisinle in squatting immobility — a faculty 
remarkably [iri'sent in the existing dwarfs of the Congo forest -gave 
ris(^ to the belief in the existence of creatures allied to man who 
could assume at will invisibility Traits in the character of the Congo 
dwarfs of the present day lecall irresistibly tin* tricks of Puck, of 
Kobm (foodfellow , of the gnonie.s and fairies of (Ternian and Celtic 
tradition. ' * ' 

TiK'se jieople are not dehmtely organized into a tribi'. but hang about 
the fiinge ot othei i onnnunitK's Tht'v sp(>ak the languages or dia- 
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lects of the })etter-lookino- people who are nearest to them. Some of 
these ape-like men have skins of a dirty yellowish brown. 4'he head 
hair is blaek and thiek. Beard, mnstaehe, and whiskers are fairly abun- 
dant. The eyes are deep set and the overhimo- brow rid<;e is extremely 
marked. The upper lip is lonjf, and neither of the lips is so much 
everted as in the ordinary neo-ro. The body is covered nearly all over 
b}’ a tine yellowish down, not apparent at any g’reat distance, but tend- 
ing’ to accentuate the yellow appearance of the skin. Thi're is yreat 
prognathism, and the chin is weak and retreating. Tlu'v appiair to be 
rather stupid, timid, and unintelligent, 'fhey live in very rude hab- 
itations of boughs and leaves and spend their time chiefly hunting- and 
trapping- small mammals. They also live a good deal on honey and 
bee grubs. It would seem, however, on tlu' wi'stern flank- of Kuwen- 
zori and in the forests northwe.-t of the Seinliki Ri\-('r a- though 
superior races had occupied the country once given ovm- to the ape- 
like type and had mixed with this inferior people, so that the ape like 
physiognomy may crop out again and again in races whose average 
numbers exhibit a higher type of feature and figure. 

THE DESCENDANTS OF THE PYGMIES OF HERODOTUS. 

The t’ongo forest also shelters within its roct'.-si's at the pn'sent da}' 
those curious pygmy negroes who appear to be i-onnectecl distantly 
with the Bushmen of South Africa. These pygmies were, in all [irob- 
ability. well known to the ancient Egyptians. I'radeis and -lave 
traders who journeyed up the Nile from Egypt in ancient day-, .ind 
who lirought back curious beasts from the black man'- country, al-o 
returned with -pecimcns of these little dwarfs. The pygmie- also aie 
written about by Herodotus, as everybody know-. The "crane- ' with 
whom they fought were probably the o-ti u he- of the Sudan. I’ei- 
si-tent stories have been circulated from tune to time of the exi-teuce 
of pygmy I ace- or pygmy types in the fore-ts of the, Atla- Mountains 
in northwest Africa. Still more remaikable, fo— il remain- in Sicdv. 
Saidiimi, and the Pyrenee- would -eem to indicate the exi-tem e in 
iliHliterranean Europe at one time of a negrito type, and a i ude stat- 
lu'tte found in the Pyrenees, and attributed to the Stone Age. would 
si'eiu to -how that the-e pygmie- lingered on long after the invasion 
of the country by .-U[)erior race-. 

The little pygmies of the Congo fore-t do not them-elves cultivate 
or till the -oil. but live mainly on the fle-h of bea-t-. bird-, and lep- 
tiles.on -irhite ants, bee giidi-, and laiv.eof certain burrowing beetles. 
Nevertheless they are tond of bananas, and ro -atisfv their hankering 
for this sweet iruit they will come at night and rol) the plantations of 
their Dig. bhuk agi icultural neighbor-. It the lobbm v is taken in 
good part, or if gift- in the -hajie of ripe banana- .lU' laid out in a 
likely -pot foi the pygmy vi-itoi w ho come- silently m the dai knes- 
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or dawn, the little man will show himself gTateful and will leave 
behind him some night a return present of meat, or he will be found 
to have cleared the plantation of weeds, to have set traps, to have 
driven off apes, baboons, or elephants while his friends and hosts 
were ■'leepmg-. Children, however, might tie lured away from time 
to time to follow the dwarfs, and even mingle with their tribe, like 
the children or men and women carried off by the fairies. On the 
other hand, it is sometimes related that when the negro mother awoke 
in the morning her bonny, big, black child had disappeared and its 
place had been taken by a frail, yellow, wrinkled pygmy infant, the 
changeling of our stories. Anyone who has seen as much of central 
Africa as I have and has noted their merry, impish wav's, their little 
songs, their little dances, their mischievous pranks, unseen, spiteful 
vengeance, (juick gratitude, and prompt return for kindiu'ss can not 
but be struck by their singular resemblance in character to the elves 
and gnomes and sprites of our nursery stories. At the same time we 
must be on our guard against reckle.ss theorizing, and it may be too 
much to assume that the negro species ever inhabited Europe in spite 
of tli(‘ resemblance between the stone implements of paleolithic man 
and tliose of the modern Tasmanians, and the Tasmanians were negroid 
if not negro. Paleolithic man in Europe may have been more like 
the \'eddah, the Australian, the Dravidian, the Ainu than the Bush- 
man or Congo pygmy. Undoubtedly (to my thinking) most " fairy" 
myths arose from the contemplation of the mysterious habits of dwarf 
troglodyte races lingering on still in the crannies, caverns, forests, 
and mountains of Europe after the invasion of neolithic man. But 
we must not too widely assume that these (vxtinct pygmy races were 
lU'groes. 'Fhev might well have Ix'en the dwarfed descendants of 
earlier and less definite human species; they ma\’ have been primitive 
^longols or Eskimos. All the three species, or subspecies, of IIouki 
have developed separately, repeatedly, and concui'rently dwai'f and 
giant ract's. Tall [)eoples have arisen inde])en(h‘ntly one after the 
other in Patagonia, in equatorial Africa, in north Africa. Syria, north- 
ern Europe, and l^olynesia. Stunte<l races have been evolved in 
several ])arts of Africa, in Scandinavia, dapan. thi' Andaman and 
Philippine' archipelagoes, or among tin* Eskimos. 

T am not inclineil now to advocate the tlu'ory that the Congo pyg- 
mies of ('quatorial Africa are necessarily connecti'd in origin with the 
South African Bushman. Some BushiiK'u tribes in southwest Africa, 
where better food conditions pi-evail, an' sc-arcely dwarfs. Tlu' Bush- 
men and Hottentots are obviou.sly closely interi’elated in physical 
structure, but I can see no physical features (other than dwartishness) 
which are obviously pt'culiar to both Bushmen and Congo pygmies. 
On the I’ontrarv. in the large and often protuburt'iit ev('s. the broad, 
ffat nose with its e.xaggerated aloe, the long upjjer lip and but slight 



THE PYGMIES OF THE GREAT CONGO FOREST. 


485 


tleoToo of I'N'ci’sioM of tilt' iiinor niticous surfsu'o of th<‘ lijis, tlu' 
abuiitliint hair on lii'ail and hod}', ri'lativc ah>enct‘ of wrinklo^, of 
.stoatopyo} , aiifl of liioh, pnitnidiiig olieek bones, tin* (onoo thvarf 
ditiVrs luarkeill}- from the Ilottentot-llushman typi'. It is triu' tliat 
some of the (’oiieo pyomies intercalate tht'ir speech witli faueal gasps 
in ])lae(> of guttural consonants, but this defect in pronunciation need 
not necessarily contain any ri'ininisceiice of the Bushman clock. There 
is one language spokt'ii in eastern etpiatorial Africa (in tin' ( lermau 
sphcrt') wliich has tin' clicks the Sandawi. But this, though it may 
be a rt'lic of extrcmt'ly ancit'iit day-^, wht'n the ancestors of tin' Hot- 
tentots \yi'r(' dwelling in t'ast .\frica, is not at tiu' jireseut tilin' spok('n 
by a jieoph' olb'ring marki'd physical ri'scmlilanci's to the Congo 
pygiii}' or to tin' south .African Ilottc'iitot. 

Tn sliort, it would si'cin to the jirc.sent writer that tln'ri' is at pri'si'iit 
no ('yidenee of any more relationship between tlie fori'st jiygmies of 
equatorial Africa and the desi'rt pygmii's of southwestern Afrii'a than 
tin' fact that both arec'arly brancln'sof tin* lu'gro stem whicli proliably 
diyerged simuitaneously at a ri'Uioti' period from tin' Ethiopian stoc'U -- 
sharing a few similar features in common — tin' one to hid<' in the 
forests betwt'eu the Sahara and the Zambi'zi wati'rshed. and tlie other 
to rang!' oyer tlie prairii's. steppe', and ilesi'rts id' eastern and soiitln'i'ii 
-Vfrica, Pi'fhaps the forest pygmies of to-day an' more' nearly allied 
to the west African Bantu and Nile negroes than they are to the Bush- 
man-IIottentot group, which last is a section of the negro subspecies 
somewhat clearly marked off and scparati'd from other negro races. 

Many ci'iituries ago tliesi' stunted little in'gi’oes- of yellowish skin 
and somewhat hairy bodies, of large heads, and of noses not only Hat 
but with the wings much deyeloped, and rising as high as the ci'iitral 
cartilagi' of the nose — must haye been the principal inhabitants of the 
l^ganda Brob'ctoi’ate, sharing tlu'se widt' and yaried territories of 
forest, swamp, steppe, and park land with the ju’ognathous type aboye 
described. At the present day, howeyer, the number of actual typical 
pygmies existing- in the Eganda Protectorate is yery small, and their 
range is probably eontined to a belt of forest lying to the t'ast and 
wt'st of the Semliki Riyer, and pt'rhaps to the dense wotals on tht' 
.southeast shores of the Albert Edward Lake. Tlu'y are nuu'h more 
abundant in the Congo Free State, in whose fori'sts tlu'y t'xist in a 
more or less undilatt'd typt' .southward to tin' \ ('rgt' of Angola, and 
north and northwt'st to tht' yicinity ttf tin' Barh-al-( ihazal and the 
(rerman Camertions. This pygmy type is also found within thi' terri- 
tory td‘ the (b'rman Camt'roons. and in the interior of French Congo 
andCaboon., It may eyen be ftaind still ttt exist in tht' yery remote 
parts tif British Nigt'i ia. 

Dwarf negro races, possibly related tt) the Congo pygmies, are found 
m the yicinity t)f Lake Stephanie, in northeastt'rn Africa, while the 
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dwarf typ(' makes its appoaranco here and there in the eastern part of 
the Kine-dom of roanda (in the forests of Kiagive), in the nomad of 
the Andoroho (a people of hunters Mhieli. in half-servile eonneetion 
with the Masai, wanders over the greater part of eastern Africa 
between the Victoria Ayanza and the vicinity of the Indian Ocean), 
and amongst the people on the west and north of Mount Elgon." Xo 
doubl, as .Vfriea la'comesmore i-losely examined, the Pygmy tvpe mai' 
be found to ero]) up elsewhere, either living as a separate people or 
reapjiear ingas a reversionari’ tyiie in tribes of more typical negro appear- 
ance, who in times past have absorbed antecedent dwarf races. * 

AN llIsToniCAr. EXPLANATION OF THE GNOMES ANO WVAKKS OF FOLK- 
LORE. 

Oth(‘r dwarf races of humanity, belonging to the white or the i\Ion- 
golian si)(‘eies. may have inhabited northern hiurope in ancient times, 
or it is just possible that this type of pygmy negro which survives 
to-day in the recesses of inner Africa may even have o\'ers])read Europe 
in remote times. If it did, then the conclusion is irresistible that it 
gave rise to most of the myths and beliefs connected Mith gnomes, 
kobolds. and fairi('s. The demeanor aud actions of the little C'ongo 
dwarfs at the present day remind one over and oven’ again of the traits 
attributed to the brownies and goblins of our fairy stories. Their 
remarkalde posver of becoming invisible by adroit hiding in herbage 
and behind rocks, their probable habits in sterile or open countries of 
making their homes in lades and caverns, thedr mischievousness and 
thc’ir prankish good nature, all seem to suggest that it was some race 
like this which inspii’ed most of the .stori(‘s of Teuton and Celt regard- 
ing a dwartish people of quasi-supernatural attributes. The dwarfs of 
the Congo forest can be good or bad neighbors to the big black people 
according to the treatment they receive. If their elfish dexiredatious 
on the banana groves or their occasional thefts of tobacco or maize are 
condoned, or even if they are conciliated by small gifts of such food 
left exposed where it can be easily taken, they will in return leave 
behind thi’in in their nightly visitations gifts of meats and products of 
the chase, such as skins or ivory. I have been informed bv some of 
the forest negrot's that the dwarfs will occasionally steal their children, 
and put in their placi’s pygmy babies of ape-like appearance- i-hange- 
lings. in fact bringing up the children they have sbden in the dwarf 
tribe. rh('se collections of pygmies, which one can scarcely call tribes, 
certainly (‘xhibit from time to time individuals of ordinary stature, and 
with finitures not strongly resembling those of the ])ygmv type. 

"Tlie re-enil)Uiiu'i‘ ol tlie itwarf types in AVest Elfjon to the f'onjio pv'ginies is 
un(|uestion:i])le; hut I am not sure tliat the dwarf element in the Itoko of northeast 
Africa and the Andoroho is not of Bushman characteristics. 
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TYVO TY PES OF OWAKFS. 

The Coii^o p\'giiiies appear to be divisil)l(> into two types, aceording' 
to iny own ohsi'rvations and to tliost' of ])r(‘e(Hling travelers -one with 
a reddish or yellowish-i)iX)wn skin and a tendency to red in the head 
hail', and the other a lilaek-skinned type with entirely lilaek head hair. 
It is possible that the original typt' of dwarf had a dirty brown skin, 
and a ti'iuh'ney to nal lioth in the body and hi'ad hair, and that this 
type mingled anciently w ith the tirst triu' in'gro invaders of the foi I'st 
a ]>eoph' witli decidedly lilack skins and produced a black tvp(> of 
dwarf. Yvhich now si'ems to exist conjointly with the rial or \ellow 
pygmy: that is to say, in the same 
family of jiygniii's then' may be 
lioth types. In stature, piu'haps, 
the black typi' timds to be slightly 
taller than the other. The tallest 
specimen of pygmy measured by me 
or by my assistants was aliout 5 
feet in height; but the a\erage alti- 
tude for men was 4 feet 7 inches, 
and for women 4 feet 2 inehes. 

Several of the men measured by 
me were only 4 feet 2 inches in 
height. One adult woman was just 
under 4 feet. There ari' two fea- 
tures which markedly distinguish 
these dwarfs from other negroes — 
the shape of the nose and the long 
upper lip. The nose has a very low 
bridge, and is exceedingly broad. 

The upper lip. liesides being long 
and prognathous, is not so much 
eveited as in the ordinary negro. 

The chin i-. very weak and receding. 

The neck is short, and the head 

^MeaMiringtheneightof aj'vgnny The Eiigh^li- 
is sunk I'lltlu'r bftNVCCMl thn man i- a R-et 11 ini lns Uiei>\giii\ 4 h-ct ti 

ders. though not so marki'dly as in 

the ajH'-liki' types referred to in the first jiart of this article. The legs 
are short in proportion to the !)ody, though they are usuallv sturdv 
little limb'. The feet are rather large, and much inclined to turn in. 
with the big toes pointing inward when they are brought together in a 
standing attitude. Hair on the faee is present in many of the dwarfs. 
Some of the dwarfs have distinctly long beards, but 1 have mvself seen 
oidy one with a beard of *1 inches in length. Belgians and Aiabs who 
have traveled through the Congo forest' have, howc'ver, as'ured me 
that they have met dwarf' at times who po'sessed beard' of coii'ider- 
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iil)le length. The hair on the body really of two kinds. There is, 
hr.sr. in many of the dwarfs — men and women —a survival in the adult 
of that hair which appears in the fetus in all human races, a soft 
lu'ownish down. Jn addition to this survival of prehuman hair, the 
dwarfs possess. \a ry often markedly, a develojjment of hair that is 
peeidiarly associated witli tlie human species — nanndy, a fairly thick 
growth over the chest and stomach, in the armpits, and in the pubic 
region; also on the arms and legs. It is on the under parts of th(‘ 
body, cui'iously enough, that apes and monkeys tend to a decrease of 
hair. It is therefore somewhat curious that where body hair most 
frecpiently appears in the human race, it should be so often on the 
under silt' of tin' body, whiu’e (esp('cially in the slightly stooping atti- 
tude which (‘arly man as^uunal) the hair is of less protection to the 
skin from tlu' rain than if it grow on th(> back. In the pygmies this 
human body hair on the chest and stomach is black or blackish l)rown, 
and curly, like the hair of th(' head. 

d'he dwarf-' s(‘ldom uear anything in the way of ornament, and go 
about in tladr foia-sts ([uite naked; but when in contact with negroes 
who wear a certain amount of (dothing. the dwai’fs will ])ut on an apron 
of h'aves or bark cloth suthcicmt to ser\e the ])urposes of decency. 
Their cars ari' not pier<‘ed. The only lesthetic adornment whicdi they 
appear to adopt is the piercing of two holes in the ui)per lip. (This 
can b<‘ clearly seen in the' Inaid and bustof a dwarf woman.) Into tin', 
punctun's they insert llowers. tei'th, or porcupine (ptills. 

HOW THEY I.IVK IN THE FOKKS'I'. 

The dwarfs are exces>i\ ely shy in the forest, and are only visited 
with the great<‘>,t ditliculty. 'I'liey usually seem at the present day to 
attach themselves in their eommunities to the outskirts of tin- tribes 
of big negroes, with whom they usually ent('r into friendly ndations. 
For a white man to see them in their homes it recpiires that one of 
these big negroes who is in friendly relations with the pygmies should 
go out into th(' forest and call to them loudly and repeatedlv before a 
pygmy has sutllcient contidence to show himself. Onc(' their confi- 
dence is gained they wilt, no doubt, come in numbers. Even then it 
is (‘xtremely ditllcult to make intjuiries f)f them concerning their life 
and customs. 

The Congo pygmies keep no dom<‘stie animals, and do not practice 
agriculture. Thev li\ (' (uitindy by hunting, and eat tin- flesh of mon- 
keys, of almost all other beasts, and birds, which they capture in their 
snares oi shoot with their arrows, and they also fe('d on certain grubs, 
on honey, and on tin; bee grubs found in the honeycomb. They I'ange 
the forests far and wide, indiflerent whether they lose their way or 
not. since they sleep and feed in the forests and are in a sense always 
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ut homo. Soc'niiiiyly tliey liave only known the u.'-o ot' metal (iron) bj’ 
their contact with neoroes of superior x’aee. Before this contact they 
seem to have used weapons and implements of wood. po.ssi])ly also of 
stone. Even at tin' presold day they not infrecpundly use wooden 
arron s. 

Their Imts an' about 4 feet hio-h and about 4 f('('t in diaiiu'ti'r, and 
are usually built of withes or branches stuck iido the oround at both 
ends, in a semicirch'. Over this framework of beid bouo’hs a thatcli 
of lar<j-(‘ leaves is laid on. and a small hole is left at the side, through 
which the little pigmy crawls in to li<‘on his bed of leavt's. 'Hio hus- 
band and uife (tlu'v seldom marry mon' than one wife) may sluin' the 
same hut. but the childri'ii as soon as tlu'V hai e left the breast are put 
each into little huts by themselves. Some of these' tiny habitations are 
absurdly small. 

XO r.ANdl AOE OF TIIEIU OWN. 

The dwarfs ajipi'ar to have no language of their own. lad simplv to 
talk more or h'ss imperfi'ctly the tongue of the' big negroes who are 
their m'arest lu'ighbors, 4'hus tin* dwarfs whom Stanh-y encounti'red 
on his xarious journeys across Cxmgoland were' always found to be 
spi'aking corrupt Baidu dialects, or in oiu' instance a language scai'cely 
dirtVring from iSIanyi'ina. Tlu'ir pronunciation of these languages is 
imperfect, and tliey are much given to replacing certain consonants 
by little gasps, and sometimes by a sound which faintly recall.s the 
South African dick. 'I'liey sjH'uk with a singularly musical intonation, 
their speech being almost intoned. Their pronunciation of words is 
ratlu'r staccato, each syllable being pronounced separatel\- and dis- 
tinctly. * 

It is. of course, a hard thing to believe that pi ior to the invasion of 
the great west central African forest liy the big black agricultural 
negroes the pygmy autochthones possessed no language but inarticulate 
cries and gestures." Neverthi'less, it would seem to be a fact that the 
pygmies, though so distinct a race, have no language peculiar to their 
race, but, Avherever they are, speak (often imperfectly) the tongue of 
their nearest agricultural, settled, noi'inal-sized neighbors. Again, it 
is strange that this little people should speak imperfectly these bor- 
rowi'd tongues, because individuals transported from the pigmy milieu 
have picked up rapidly and spoken corri'ctly Sudanese Arabic. Run- 
yoro, Imganda. Kiswahili, and Ivinyamwezi. It is, however, h'ss sin- 
gular ail anomaly than the contra.st between the brutish lives led by 
the pygmies in their wild state — lives, perhaps, in absi'iice of human 
culture nearer to the beast than is the case with any recentlv existing 

" I wa.s nuich struck, and so were inv Kunux-aii coiupanions, at tlic (‘X]ircssivi‘ ges- 
tures used liy the jivgiuies in eking out tlieir coii\ei-satiou. One olteii conversed 
with tlieni in gestures. 
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race of nipii known to ns — and tho vivaciou.s intelligence, mental adroit- 
ness. almost fairv-like deftness they exhibit when dwelling' with Euro- 
peans. No one can fail to be .struck with the mental superiorit 3 ’ the\' 
exhi))it under these novel circumstances over the big uegTo, whose own 
culture in his own home is di.stinctly higher than that of the forest 
pygmies. " ■■■■ The}' are very fond of singing and dancing, and 

the litth' sougs that they croon are distinctly melodious, while specta- 
tors aie kept in tits of laughter by their truly droll and eltish antics. 
^Vheii they gi\-e a musical performance they are fond of seating them- 
selves in a semicircle, in their own hoifies, on these occasions, they 
beat drums, which are made of .sections of hollow trees coh ered with 
skin. Whih' thus seated, and beating drums, they chant songs, and 
danc('. so to s))eak. all over their bodies, striking the ground with their 
elbows and hips, knees and hands, wagging their heads, and heaving 

their stomachs up and down. 
The dance.s which thej’ per- 
form upright are sometimes 
of a markedly indelicate 
kind, though the dwarfs seem 
only to be eanying out the 
ancient traditioas. 

IMITATIVE A\]> ADArTIVE. 

The Congo dwarfs, though 
they may exhibit ape-like 
features in their bodies, and 
though in their natural life 
they are absolutely savage, 
display nevertheless a certain 
alertness which gives one the 
impression that they pos.sess quicker intelligence and a greater adapt- 
ability of mind than the ordinary big neg'ro. They are admirable 
mimics. They learn languages easily, though they may speak them 
with a defective pronunciation. The little dwarf women readily attach 
themselves to negroes of the big races, and make affectionate .and 
dutiful wives. When Captain (now General 8ir Frederic) Iwigard 
journey(‘d through the Semliki forests, the Sudanese soldiers by whom 
he was accompanied brougiit away Avith them several dwarf Avomen 
AA'honi thev married. It used to be an amusing sight to see husband 
and Avife together, the husband perhaps 6 feet in stature and broad in 
proportion, and the little Avife 4 feet only, and dispi'oportionately 
broad. 
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AX IMI'ORTATION OF HM’ARFS INTO THIS COUNTRY. 

Ainorican readers may be interested to learn that it is possible 
there still exist at the present day traces of African dwarf races in the 
negro population of the We.st Indies. This, at ain' rate, was the case 
forty or fifty years ago. There is a tradition to the effect that 
among the slaves shipped from the Congo regions at the end of the 
eighteenth centui'y were specimens of dwarf races fi-om the far inte- 
rior. In Trinidad and .some of the southern islands of the West 
Indies these little people remained for a time distinct from the other 
slaves, and people of my act[uaintanee still living have seen and spoken 
to them. They were recognized at the time as being quite distinct 
from the ordinary negro type, and were generally known as the 
“Congo dwarfs.” 




GUAM AND ITS PEGULE. 


Pv A’. E. Sakfcjkd. 


The Marianne Islands, or Ladroncs, form a ehain al)oiit -lilt) miles 
lone- ill a north and south dir('ctit)ii and lyino- about four days’ run by 
steamer to the eastward of the Philippines. IMorc definitely s})eaking, 
they extend from Id 14' to 20- 30' north latitude and lie between 
142 31' and 143 40' east longitud('. 'I’hey are of voleanie origin and 
are surrounded by eoral reefs. In the northern islands then' are a 
nund)er of voleanot's in full activity, but in the south voleanie action 
had ceased long before tlieir discovery. 

(itiam. the lazgest and most important memlx'r of the group, is the 
only island belonging' to the United States, the remaindei’ having’’ been 
sold by Spain to Geriuany after the close of the late war. It is at the 
extreme south of the chain and at present has a ]>opulation of b.fiTti.'’ 
'I'he island is of irregular shape and is about 2!> inih's long from north- 
northeast to south-south west. At its narrowest pai’t. lu'ar the middle, 
it is less tlian 4 miles across; near the ends the breadth is from T to fi 
miles. 

The northern portion of the island consists of a mesa, or plateau, an 
ancient coral reef, elev ated about 150 fwt above the sea level, with 
one or two pi'aks of no great hc'ight e.vtending’ through it. It is with 
out stn'aius or springs, owing to the porous nature of the coi al. ('xcept 
in th(> iuunediate vicinity of tin' peaks refern'd to. where in the wet 
season tlu're is fur a time a supply of water. Near the midtile of the 
island, in the inuuediate vicinity of Agana, the capital, there is a large 
spring from which a copious supply of watc'i’ issues. This, after slowly 
oozing through au extensiM- swamp -an ancii'ut lagoon -finds its wav 
into the si'a by means of a river, tin' eliannt'l of which has bi'en 
artificially h'tigthein'd and turned for a mile parallel to the e ast for 
the convenience of the natives. 'I'he southern portion of the island is 
piincipally of volcanic formation, with several [leaks which scarcelv 
e.xcei'd a thousand fec't in height. It contains a number of streams, 

“ Keprinted by permission, after revision by tlie aiitlior. from the American 
AntlHo]iolc>,>;ist (-N'. s. ), vol. 4, ( Icloher-Deceiiiher, I'.H):'. ,Si-e al.so “Tlie ( 'hamorro 
laiionaL'c of ( inam," liy the same antlior, in .\iuericaii .tnthiopoloirist l X. S. i, vol, r>, 
l.p. 2S;i ff. 

'■''riiis mimher lefers to the actual rei-ideius of the islaiul ami does not include 
visitors nor the rnited States forces .stationed tliere. The figures are taken from the 
reiisus of 11)01, and were kindly eomniiinicated to me by Don Pedro Duarte, late 
(.aptaiii ill the Spanish arm> , now a resnlent of tlie island. 

4i):i 
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some of which lose themselves beneath the surface for a time and 
reappear issuing from caverns. As in most calcareous formations, 
funnel-shaped sink holes are of frequent occurrence, the water drain- 
ing into them sometimes reappearing near the beach in the form of 
springs, or spurting forth in places from beneath the sea. 

So/7 . — Near the junction of the volcanic and coral formations the 
limestone presents a crystalline structure, pure ciy’stals of carbonate 
of lime being frequently found; and nodules of flint similar to those 
from European chalk formations are met in certain localities. The 
soil of the greater part of the island is thin and red. It owes its color 
to the oxide of iron present in the disintegrated coral of which it is 
principally composed. In the valleys and forests there is an accumu- 
lation of vegetable mold, and in swampy places the soil is black, rich, 
and suitable for the cultivation of rice. 

CJin/utv . — Guam is situated on the dividing line between the north- 
east trade winds and the area of the monsoons of the China Sea. From 
December to June the pi’evailing winds are from the northeast, the 
temperature is agreeable, the nights cool, and the air is refreshed by 
occasional showers. The most agreeable months are March, April, 
May, and June. During July and August southwest winds are fre- 
quent and are accompanied by heavy rain squalls. Hurricanes may 
occur at almost any time of the j-ear. They may be expected at the 
changes of the monsoons and are most frequent in the months of Octo- 
ber and November. They are often of such violence as to blow down 
the greater part of the native houses, laying waste the maize and rice 
fields, uprooting or breaking off cocoanut trees, destroying the bread- 
fruit crop, tearing to shreds plantains and banana plants, and killing 
fowl and cattle. Vessels at anchor in the harbor are frequently swept 
from their moorings and cast upon the reef, as the letter books of the 
Spanish governors of the island will show. Hurricanes are usually 
followed by scarcity of food. The natives, who very seldom have a 
reserve on hand, are obliged at such times to go to the forest for wild 
yams and cycas nuts. 

Eartlnpiakes are also frequent, but are not often violent. One of 
the most severe the island has known in historical times was that of 
184h, which destroyed the church and the government house in the 
village of Umata. Not long afterwards a number of natives of the 
Caroline Islands appeared at Guam, stating that their islands had been 
swept by enormous waves, and begging the governor for an asylum. 
The most recent occurred September 22, 1902, causing serious injury 
to the building used as the marine barracks, and killing several 
natives. 

\ filiAidio )/. — The flora of Guam, though po.ssessing a number of 
species not known from other localities bears a general rescmblanci' to 
that of many other volcanic, coral-fringed islands of the Pacific. In the 
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forests are breadfruit trees of gi-eat size: " giant l)aiiyans and 

other species of the tig- family; tall trees, with hard, mahogany -like 
wood; arboreous Apocynaceie. several species of screw pines; and a 
wealth of ferns growing on the ground, climbing tree* trunks, or 
perched upon the branclu's like great birds nests. In rocky plact'S 
grow the ramic-tiber'^ plant, in its wild .state as a branching shrub or 
small tree, and a C 3 ’cad. resembling a tree fern, with gloss}’, plume- 
like fronds.*^ In the savannas, or places devoid of forest growth, 
occur vast stretches of a coar.se gi'ass called neti. patches of a brake- 
like fern,'' and .scattered ironwood trees.' The ironwood grows also 
along' the sand}’ beaches, e.specially on the east coast of the island, 
where the trees present a twisted and battmed appearance, from the 
constant trade winds and the edects of the frequent hurricanes. In 
the rich valleys the betel-palm is plentiful; 'and near the banks of 
streams grow a tree fern (Alsophila) and giant arums." Twining in 
the thickets are several species of morning-glories, plants of the bean 
familv, wild yams, with sharp, wiry bi-aiu-hing thorns, and a peculiar 
h'ailess. wiry parasite.''' In tlie swamps are dense growth of reeds 
and marsh ferns. The vegetation along the beach is like that of most 
tropical shores, made up of goats-foot convolvulus, .sea beans, and 
shrubby plants with fleshy and hairy leaves. On thit..rocky islets, 
besides the Cycas mentioned above, grows a fine hard-wood tre(' called 
chopag by the natives.' In the swamps are tangled gi'owths of man- 
g'l'oves propped up on aerial roots and crimson-flowered Lumnitzeras. 

It may be of interest to those unfamiliar with Pacific insular tloras 
to note the absence of pines, cedars, willows, walnuts, birches, cacti, 
and plants belonging to the rose family; there are few composites and 
but OIK' or two crucifers. It is probabh' tliat noiu' of the palms are 
indigenous, with perhaps the exception of a wild rattan (Calamus) of 
no economic value. 

Funna . — Besides rats and mice the only mammals are a large fruit- 
eating bat, or dying fox;' a small insectivorous bat which during the 
daytime remains in caves; wild hogs, and a species of deer introduced 
into the island by Don Mariano Tobias, who was governor from ITTI 
to 1774. The deer are now so abundant as to cause serious damage to 
the corn crops and young eocoanuts. Goats are also to be found on 
several of the outlying islets. Cattle and carabaos, or water buffalo, 
have been introduced and are msed both for food and as beasts of 
burden. 

Among the birds are .several spt'cics of fruit dovi's. a pretty little 
fan-tailed flycatcher, scarlet-and-black honey eatt'i's with long, sh'iider 

J Ari'f'U iiitfrhd. 

/io h iiirrKi ultra, ft ttat'iifxliaa. a Ahn ti>>ai 
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ciii\<'d heak.',. black stai-lin^fs. a cfou', a tawny-afid-bluc kiiigli, slier 
(Halcyon), ivhich iircys on lizards and insects instead of tisb. the swift 
that makes edible nests, a little flycatcher named for De Freycinet, a 
small Zosterops with olive-o-reen and I'ellow plumao’e, two rails (H\'po- 
ttenidia and Polioliniiias), and a gallinule, which frequent the swamps 
and taro ]>atches; and along the shores a heron, a bittern, two curlews, 
the Facitic godwit, several sandpipers, plover, the ivandering- tattler, 
sanderling. snijie, and turnstones. The onh' bird of prey known to 
oc(air is tlie widely spread short-eared owl,^' called momo bv the 
iiatii e-. The most beautiful of the birds arc the fruit doi'es, one of 
which'' belongs to a group widely siiread in th(' Facitic, having’ rosy 
crowns, green backs, and yellow, purple, and orange plumag-e on the 
under surface. 'fhe only song’ bird is the reed warbler,' a modest 
bii’d bearing a general resemblance to our catbird and having an 
excpusite song. 

Among introduced species are the beautiful little C’hinese partridge,'' 
brought to the island in recent years by Don Fedro Duarte, and the 
Fhilippine turth'dovo. There is also a fruit-eating dove, interesting’ 
from tlie great clissimilaritj' between the adult male and the female.’ 
Th(‘ former, called "apaka" by the natives, is considerably the larger 
and has a white liead. The latter, called ‘HJidoman kiinau,"’ is of an 
almost luuform chocolate color. The natives think them to be difl'er- 
ent birds which liv(.' together. 

T'he Ix'st ganu; bird is a wild duck. Aims <»i4ah:fi^ a species peculiar 
to th(' island, but clostdy alli(‘d to Anns siq><:i'ci}iii/is^ which occurs in 
Samoa, (’urlew. gallinules. plover, and doves are also hunted by the 
natives for food./ 

Among th(' l■t‘ptilcs an- a large lizard (^’arannus) which robs bird's- 
nests and cats young chickens and pigeons, a blue-tailed skink, one or 
two geckos which freijuent the houses of the natives and run about 
the ccirmgs and walls catching insects, and a small snake (Tvphlojxs). 
very much in gmieral aj)])earanee lik(‘ an earth worm, but with a hard, 
glossy skin composed of minute scales. 

Several s[)ecies of land crabs occur, including the curious liiis/ns 
liilri), ())■ ■■ robber crab,’’ kept l)v the natives in captivity and fattemal 
on cocoanuts for the table. In the streams there are shrimps and on 
the shores sj)inv lobsters; both of these are highiv ('steemed for food. 
A fidl list of the tishes and birds is given in the report of the director 

" '■m <t< i Ifnln ll"< 
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of the Bernice Pauahi Bishop Museum of Hawaii for llMio, the result 
of the work of Mr. Alvin Seale, who collected on the island in 1900. 

— The island of Guam was discovered by iMag-ellan on 
March 0. 1521. after a passage of three months and twenty days from 
the strait which bears his name. Among; the accounts written of his 
expedition, that of Antonio Pigiifetta. of Vicenza, who accompanied 
him, is full of valua))le and interesting details. Pigafetta t('lls (;f the 
terrible suffering of his companions on their way across the waters of 
the unexplored ocean; how their food failed, until they had oidy 
crumbling biscuit full of maggots to eat. all foul fi'oni the excrement 
of rats: how they were' forced to eat the rats thcmiscdves. which l)rought 
a price of half a crown each. and. moreover, "('nough of them could 
not be got;" how they t'vcn rc'sorted to sawdust of wood, and the ox- 
hides used as chafing gear in the rigging under the main yard, all 
stiffened and hardened by sun, rain, and wind, soaking them for s('v- 
eral days in the sea, and then putting them "a little on the embers.” 
The water they had to drink was yellow and stinking, and the gums 
of nearly all were swollen with scurvy, and nineteen died, and twenty- 
five or thirty others fell ill '’of divers sicknesses, both in tin' arms 
and legs and other places, in such manner that very few n'uiained 
healthy." 

Two islands were sighted, but oidy birds and trees weri' found upon 
them and no supplies could Ix'obtained. 'I'lu'se they called the Pnfor- 
tunate Islands. Finally three othei' islands were sighted, coveri'd with 
ri<'h vegetation and inlnibited by many i)eople. who cann' out to meet 
them in wonderful canoc's. which seem to fairly ffy ovi'r the water. 
The sails were triangular-shai)ed mats woven of pandaiius lea\es and 
were supported on a yard after the mannei' of latt'en sails. The mast 
was amidships. Instc'ad of going about in tacking they simply shifted 
the sheet of the sail from one end of the canoe to the other, so that 
which had been the bow became the stern, and the sti'rn becanu' the 
bow. Parallel to the fore-and-aft line there was an outrigger or log, 
rigidly connected with the hull by cross pic'ces and resting upon the 
surface of the water. This served, l)oth by its weight and buoyancy, 
to keep the narrow craft from capsizing, and was kept always on the 
windward side by shifting the sheet as described above. All of the 
boats were painted, some black and others red. They had paddles of 
the form of hearth shovels, which could be used for steering or pro- 
pelling the boats." 

'I'he ships cami' to anchor near a village on the southernmost island, 
and the native's brought thi'in refreshment of fruits. The sails were 

» “ Hamio il timiiiif simile ail mia ]>a)a ila fninaio, ciixj ana pertica con iiiia taviila 
in enna; e il(iji|ii() esseinlo questo tiiimne o renin, fannn a jiiarer Inrn ili imppa 
prora.” — I’igafetta, Primo Viagfxi" intorno al Cilolio Terracquen, XliUmn, MlX't’C, 
p. .'xL 
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fork'd :uid ])rci)aration> wore made to land, when it was diseovered 
that the skiff which rode astern of the flagship was missing. Suspect- 
ing that the nati\ es had stolen it, the eaptain-general went ashore with 
40 armed men, l)urned forty or fifty house.s and many boats, and killed 
seven or eight native men and women. He then returned to the ship 
with hi' skiff and immediately .set .sail, continuing his course to the 
westward. 

•’Before we went ashore [says Pigafetta] some of our people who 
were sick said to us that if we should kill any of them, whether man 
or woman, that we should bring on board their entrails, being per- 
suaded that with the latter they would be cured. 

“When we wounded .some of those islanders with arrows, which 
entered their bodies, they tried to draw forth the arrow now in one 
way and now in another, in the meantime regarding it with great aston- 
ishment. and thus did they who were wounded in the breast, and they 
died of it. which did not fail to cau.se us compa.ssion. 

"Seeing us taking our departure then, they followed us with more 
than a hundred boats for more than a league. They approached our 
ships, showing us tish aitd pretending to wish to give them to us; but 
when they were near they cast .stones at us and fled. We passed under 
full sail among their boats, which with greatest dexterity escaped us. 
We saw among them some women who were weeping and tearing their 
hair, surely for their husbands killed by us.” 

Ahoi'Hihidl infidhltantx . — The natives were described by the earlj' 
navigators and missionaries as people of the stature of Piuropeans. 
They were lighter in color than the Filipinos, and the women and 
children were fairer than the men. At the time of the discovery 
the men wore their hair loo.se or coiled in a knot on top of the head. 
Later they are described as shaving the head, with the exception of a 
crest about a finger long, which they left on the crown. Some of 
them were beard(‘d. Pigafetta says that they wt're well formed, and 
in the repoi't of the early mi.ssionarii's they were .said to be more cor- 
puh'iit and robust than Kuropeans, but with a tendency to obesity. 
Thev were remarkaltly fiva* from disease and physical defects, and 
lived to a great ag('. Among tliose ba])tized the first year by the 
missionaries there wen' more than l:fO said to be ])ast the age of KHf 
years. Their haii" was naturally jet black, and in early times was 
worn so long by tin* wometi as to toiu'h the ground. The men wore 
no clothing, and tlu' only covering of the women was a small apron- 
like* garment made of the inner bark of a tree. The women were 
handsome, and more delicate in figure than the men. They did not 
work in the fields, but occupied themselves in weaving baskets, mats, 
and hats of Pandanus leaves, and doing other necessary work about 
the housi'.'' 

' L- 'loniif son sveltii, pin •Iclicutn t* bianchn uoiuini, con 

ca]K‘^li iicris'’^inii sciolti c Inn^'hi lino a terra. \’anno pur esst* iirnndc, .'-c non clu* 
cuprono If parti vei>ro^n<)Si* cim iina ci»rtecciu stretta e stfttiie tjuanto la carta, tratta 
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In their "eiu'nil iippeiiranee, hnij^uag’e, and customs the people of 
Guam bore a reseinldanee to the Tagalos and Yisayans of tlie Philip- 
pine Islands. The vocabulary, however. Mas distinct, witli the excep- 
tion of a few words of ^Malayan athiuty widely spread over th(' Pacitic 
(such, for instance, as tin' nain<‘s of sky. foM'l, tire, and a few otln'rs). 
Their orammatical fornm were vtTv different fi'om thos(' of the Polyne- 
sians, tenses lieino- exprt'ssed by the reduplication of syllabh-s and the 
insertion and prefixing of particles to tin' root of the verb. 

Before marriage it was customary for young men to live in concu- 
binag(' with girls. M'hom they purchased from their parents by pres- 
ents. This did not injuia' a girl's prospects for marriage afterwards. 
Freipiently a number of young nnm and young girls would live 
together in a large public house. Afttu- mai-riage a husband contemted 
himself with one wife and a wife with one* husband at a time. 
Divorces were fre([uent. the children and household prop('rty always 
going with the wife. The most fnapient causi' of divorce Mas jeal- 
ousy. If a woman disco\ crial hei- husband to be unfaithful, she calh'd 
together the other women of her village, who armed thems(4v('s with 
spears and proceeded to th(‘ house of the (»tl'ender. They would then 
destroy any growing crops he might own and immace him with the 
spears until he was forc(‘d to Hei' fn)m the house. 'I'lnm they took 
possession of everything they could find, and sometimes even destroyed 
the house itself. Y'hen a rvife was unfaithful, the husband had a 
right to chastise her paramour. Imt she went free from punishment. 

Caste distinctions wen* recogniz(‘d atid very strictly observed. 'I'lio 
chiefs, called chamorris. owned vast plantations and I'ocoanut groves, 
which were handed down generation after generation to the heirs. A 
chiefs rightful successor was his Iwother or his nephew, who. on 
coming into jiossession of the family estate, changed his name to that 
of the chief ancestor of the family. 

The people M'ere naturally superstitious. 'I’hey venerated the bones 
of their ancestors, keeping the skulls in their housi's in small baskets, 
and practicing certain incantations l)efore them when it Mas desired 
to attain certain objects. The spirits of thi' dead Mere I'ulled aniti, 
and Mere' sujiposed to dwell in the* forests, often visiting the villages, 
causing bad dreams and having especial sway over the fisheries. 
Peojile dying a violent death vent to a jilace called Zazarraguan, or 
the house of Cliayti. whei-e they suffered torture fi-om tire and inces- 
sant bloM's. Those dying natural death Ment to a subterranean para- 
dise where there were groves of cocoanuts, plantations <.)f bananas, 
sugar cane, and other fruits in abundance. Certain men called 
makahna rescmbhal the kahunas of the Hawaiians. They Miu'e sup- 

dalla .scerza interna che sta fra la cnrteccia il leirmi della palnia. t’-s.-e imn lavaroni) 
allacainpaena, nia stanno in ca'-a tes-cndi) stiioie, ceste lii palnia, e altn sunili lavori 
facendo necessarj alia faniielia. — Fi^afetta, j). 51. 
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po.srd to have power over the health of the nativt's. could cau.se rain, 
and bring- luck to the fishermen. As among- many Indian, iVIalayan, 
and Polynesian peoples, they were vei-3’ careful not to spit near the 
house of another, undoubtedly through fear of sorcerj", should an 
enemv po.ssess himself of the .spittle. 

Violent grief was shown on the death of a friend or relative, the 
peoph> wailing and singing dirges expre.ssive of their sorrow and 
despair, and recounting the noble qualities of the dead. In the case 
of a chamorri's death the wailing was prolonged for several da3-s. 
Small mounds were rai.sed over the grave and were decorated with 
flowers, palm leaves, canoe paddles if the deceased was a fisherman, 
and spciirs if he was a warrior. The body wiis .sometimes anointed 
with fragrant oil and taken in proce.ssion from house to house, as 
though to allow- the spirit an opportunit\’ of choosing an abiding place 
among tlu- homes of its kindred. 

On oc-(-asious of festivity the men and women -would collect in 
groui)s. each by them.selves. and, forming semicircles, .sing and chant 
their legends and fables. Sometimes the.se songs would be in three- 
part harmony, '’treble, contralto, and falsetto." The songs were 
accompanied b}- appntpriate gestures and movements of the bod}', the 
w-omen using (-(U-tain rattles and castanets made of shells. On those 
o(-ca.sions the women adorned their foreheads with w-reaths of flowers 
like jasiuiiu's, and -wore belts of shells and bands from which hung 
disks of turtle shell, which w-as much prized among them. Thev 
wore skirts of fringe-like roots, which the early missionaries declared 
were '' rather like cages than garmejits." 

Though called I idrones (thieve.s), they were .so honest that their 
houses were left open and without i)rote(-tion, and verv .seldom was 
anything found mi.ssing. Tliev were very hospitable and kind, as all 
the early ac-counts testify. It wiis not until thev w ere given just cause 
that their attitude toward the Spanish changed, whereupon tin' latter 
dec-lai-ed that they had been mistaken in attributing virtues to them. 

They declared that the foreigners brought to the islands rats, flies, 
mos(pntoes, and strange di.sea.ses. They lived with little restraint, 
matters of importam-e to the villages or to the general public being- 
decided by a.ssemblies of their chiefs and old men; but the.se had little 
authority, and a native did ])retty much what he pleased unless pre- 
vented from doing so by .some one strongei- than himself. 

1 heir arms wen* wooden spears pointed w ith bones, and slings w’ith 
w hich they threw- oval -shaped stones w'ith remarkable force ajid accu- 
ra(-y, “as far. ’ says one observer, “as an aripiebus can shoot.” From 
their eailiest youth they were at-customed to practice with these weap- 
ons, and often had contests of .spear throwing, fencing, and throwing 
at marks. Often the stone was hurled with such swiftness that it 
would become embedded in the trunk of a tree. The women went to 
sea with theii husbands for .sport. They were fine swimmers, and as 
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they threw themselves into the water and came bounding- from wave 
to wave they reminded Pigafetta of dolphins. 

Their houses were well made, thatched with palm leaves, and raised 
on wooden posts or on pillars of stone." Thtw were divided into sev- 
eral rooms by partitions of mats. Their beds were mats woven from 
Pundanus leaves divided into strips of great tineness. Tdieir boats 
were kept under shelter, large sheds being con.structed for them near 
the sea, the stone or masonry pillars of which may still be si-en. These 
stone pillars are held in awe by the present natives of the island, who 
think it unlucky to disturb them or even to linger near them. 

Fire . — It was asserted bv the earlv missionari(‘s that the aboriofinal 
inhabitants were ignorant of tire before the advent of the Spaniards. 
That this is a mistake is shown not oidy l>y the fact that their princi- 
pal food staples coiiFd not be eaten without cooking, but also by their 
words pertaining to tire and cooking, as (tire), (ashes), /f.w 

(smoke), ft//)/) (roast), muTilla (dame), ^n’/oV/(o; (live coal), .'«>Ti(j(je (burn, 
V. t.), lidnon. (burn v. in.), sofy/c (boil), jieha. (cook in (mibers). chdluni 
(bake in ancient oven), and other words. Many of these words are 
to be found with slight modidcations in other languages of Malayan, 
Melanesian, and Polynesian atlinities. 

Fond . — The food of the aborigines consisted of dsh. fowls, rice, 
bread fruit, taro, yams, and bananas (Pigafetta calls thi'in ‘‘dgs a palm 
long"), cocoanuts. and nuts of C’l/c/os cii'clindi-f. the poisonous prop- 
erties of which they removed by soaking iind repeatedly changing tin' 
water, after which they were cooke<l. For relishes they ate certain 
seaweeds, the nuts of the wild almond." ''and a speciesof screw pine.'’ 
Pandanns drupes, which art* an important food stai)l(' in some Pacidc 
islands, were not a part of their domestic ('conomy; and. although 
they had pigs at an early date, it is probalile that these were intro- 
duced after the discovery, as some of tlu' early navigators declare that 
the imtives could not be induct'd to e.at Hesh. d'he creamy juice 
expressed from the meat of ripe cocoanuts entered into the composi- 
tion of several of their dishes. They wen' ignorant of tin' manufac- 
ture of ft'rnn'iited tuba from tin' sap of the. cocoanut. and had no 
intoxicating ix'verages Itefore the arrival of tin' Spaniards. As was 
in'arly the uiuvt'rsal custom tliroughout the tropical Pacitic. thev 
cooked 1)V means of stones which they heated in a hole in the ground, 
making alt('rnatt' layers of food, leaves, and heated stones, somewhat 
aft('i' tin' manner of a New Enghand clambake. 

i\ii/‘eof/e .^. — The kava peppt'r {l*ij>rr notlujKtirii m) was unknown to 
them; but its place may be said to havt' lu'en taken by the betel pepper, 
tlu' leaves of which they chewed wrapped around a fragment of the 

" “ Funilailiis sohre fuertes pilaifs ile piedra.” — Nariiitivc of (faspiir and Grijalva, 
who visited (iuaiii with ].ei:as]ii in loti-s. 

'' Tiriiiiiniliii citldji/iii. 

'■ T’andaniis sp. 
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nut of the ])ett*l puliu. with tho atldition of a pinch of lime. This habit 
is still universal among the natives of Guam. The t)etel thus pre- 
pai'ed has an agreeable aromatic pungency, not unlike that of nutmeg. 
It imparts a fragraiu'e to the breath, which is not disagreeable, but 
it discoloi's the teeth in time and causes them to crumble away, while 
the constant expectoration of saliva, red like blood, is a disagreeable 
habit. 

Ciilfu'iiii iJ pluniti . — The principal plants cultivated by the natives 
before the discovery were the bread fruit — a sterile form of Aiioctir- 
2IIIS ruju m ll/I ! k, which is propagated by cuttings, or sprouts, from the 
roots: the iliiijiliij, or fertile form of the same species, which also 
grew wild upon the island, yielding an edibhg chestnut-like seed, logs 
from which they made their largest canoes, bark for their aprons or 
loin cloths, and gum which served as a medium for mixing their paints 
and as a resin for paying the .scam.s of their canoes; the l)etel palm 
{Aiwi riitiivliii) and the betel pepper (Pljm- which were undoubt- 

edly brought to the island in prehistoric times, as also were rice, sugar 
cane, and tin* species of Pandanus called aggak, from the han es of 
which they made their mats, baskets, hats, and boat sails. Of this 
plant only one sex occurs on the island, and it must consequently be 
propagated by cuttings. Cocoanuts were also, in all probability, 
brought hither, as were .several varieties of yams," separated by them 
into two groups, which, according to the shape of the leaf, they call 
nika and dago. A third .species.'' called gado, which now grows wild 
in thickets, is characterized by sharp, wiry, branching thoiais nearthe 
gi’ound. which serve to protect its staia-hy tubers from wild hogs. 
Several varieties of taro were cultivated, both in swamiiy places and 
on dry hillsides. Among th(“ less important plants were the Polynesian 
arrowroot, called gabgab;'’ turmeric {('nrriiiiKt Jiduih), called mango; 
wild ginger or asfigod halom-tano; and a species of red pepper, called 
doni. There were no edible oranges, mangoes, mangosteens, nor 
loquats. A fruit much relished by the fruit-eating pigeons was the 
piod {Aiihciuii ami;i‘i<xi ml), which re.sembles a small yellow' plum with 
a slight flavor of bitter almond. 

Aiji'lriiltiinil and iithi-r iixifid urU . — For growing taro little art is 
re(juired. Yams recpiire more care: while bananas, breadfiaiit. and 
tin' textile })andanu.s. propagated by cuttings or si)rout.s. have to be 
severed from the parent stock, stuck into the gi()und,and occasionally 
watered. For the cultivation of rice — the only cereal of the aborig- 
ines — far greater skill is rcipiired on account of the necessaiy prepara- 
tion of the fields and the construction of irrigating ditches, liicc W'as 
the principal staple furnished to ve.ssels in considerable (piantitv. 
Oliver van Isooit, who visited the island in IbUO, mentions it in his 
narrative, and the Nas.sau fleet in Kii;") bought it in bales containing 

" Diijurorra iiliitn un.l 1). iirulentn. >> I>ioKr„r, n .ipl,i„sii. Turr,, piiuuiUjida. 
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70 tp so pounds oach. At this tinio it was c-ultivatcd in inanv places 
on the island, which indicates no little industry and enterprise on the 
part of the natives. 1 dwell on this point because the aborigines of 
Guam have been described as very indolent and of the lowest order 
of civilization, ionorant even of the art of making- tin*. Surely the 
people who constructed such marvelous "flyinc- praos." who dw('lt in 
commodious and well-built houses, and who carried on the art of agri- 
culture to the extent indicatcal by the narrati\ cs of the ('arly expedi- 
tions of the Dutch, can not be. classilied as abjc'ct savagt's. c\ ('n though 
their bodies were covered by very scant clothing. If imcounters took 
place between them and the crews of visiting ships — and these crews, 
fresh from pillaging tlu' coast of South .Vmerica and accustomed to 
deeds of violence and murder, were in all ])robability far from gentle 
in their treatment of the natives— they wiu’c designatc'd as miserable 
intidels. to ‘■slay" whom was a h'gitimatc pastime; wiiih'. if a Kuro- 
pean was killed by one of them, without investigating the cause, he 
was declared to have been murdered, and his death was avenged In' 
the burning of villages, boats, and boathouses, and by killing men, 
women, and children." They were branded with the name ‘‘Ladrones" 
for stealing a boat and some bits of iron; yet the Spaniards did not 
hesitate to steal human beings to serve as slaves at their pumps.'' 

Arrh'id of ////'.sx/'o/zu/vV-.v. --For nearly a century and a half after 
the discovery no attempt was made to colonize the island. Spanish gal- 
leons on their annual trips from New Si)ain to the Philij)pines stopped 
regularly at (fuam for fresh water and j)ro\ isioiis. On one of these a 
Jesuit priest. Padre Diego Luis de Sanviton‘s. was passenger. His 
heart was moved with pity for the natives li\ ing in sjjiritual darkness 
in this earthly paradise, and when he reached INIanila he begged that 
he might be sent to them as a missionary. His reipiest was refused, 
and it was not until he succeeded in getting a direct order from the 
King. Phili]) D'. that his wish was realized. A ship was built at 
Cavite, and Padre Diego was sent, together with st'veral companions, 
to carry the faith to the Ladrones. 

He arrived at Agaha on March J, Hiti.s, the ship having tirst pro- 
ceeded to Acapulco. IMexico. as was the custom, owing to the east('rlv 
winds and the currents which prevail in the latitude of Guam. 
Sanvitorcs was full of zeal and worketl with phenomenal success 
among the natives. Thev received him with great kindness, giviiu'- 
him a dwelling place and l)uilding for him a church at Agana. Let- 
ters written by him to his superiors are full of interesting informa- 
tion conc(>rning the natives. He tells of their great regard for caste 
distinctions, their \eneration for the bones of their dead, their 

" See luUTiUivi* lit the ainlt-r Alisruel Liiucz Lraaspi. wiiii'h \ isited < iiiaiii 

in l.sG.'i. 

''Burney. Narrative of tlie t.ciaxsa Kxpedition, \ul. 1, p. 217. 
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practice of .sorcery, and he regrets their loi e of worldly pleasures, 
their disinclination for .serious occiipation.s, and complains that their 
hi.story is ’•obscured by a thou.sand fable.s.’’ 

Aft('r a time troid)le arose between the missionaries and the natives. 
At lirst the chiefs insisted that the benefits of baptism should not be 
extended to the common people; then they began to doubt its 
efficiency, and many who had been baptized reverted to their former 
beliefs and practices. They re.sented the efforts of the missionaries 
to change their marriage customs, the destruction of the .sacred bones 
of their fathers, and the forcible detention of children whom the mis- 
sionarii's had taken to educate. Finally, after four years of uncaaising 
labor among them, Padre .Sanvitores was killed while baptizing a child 
against the will of its father. 

Active measures were now taken to reduce the natives. The Queen 
of Spain, Maria Ana of Austria, widow of Philip 1\", became inter- 
ested in their conversion and-Toiinded a college for the education of 
native youth, which she endowed with an annual income of 8.U00 
pesos. In honor of her the group was named “Las Islas iMarianas.” 
The income from the fund bestowed by the Queen continued until the 
seizuiH' of the island of Guam by the United States. 

Th(' Jesuits continued in the island for a century. At their expul- 
sion, in ITd'.t, in conformity with the edict of Carlos III, their place 
was taken by Kecollet friars of the order of San Agostino. During 
their stay the Jesuits not only introduced many useful plants and 
fruits from Mexico and from other countric's. but thcv taught the 
natives many useful arts and habits of industry, established extensive 
plantations, and brought to the island cattle, horses, mules, donkeys, 
goats, and carabaos, or water buffalo. The youths under their care 
were instructc'd in the elements of l(‘arning and in the Christian doc- 
trine. and were trained to .serve as acolytes. They instructed them 
also in music. 'I'lu- inveidory of their etlects. takim at tlie time their 
property was seized by order of the King, is still in Guam. Among 
the items arc " scu'cn violins with their bows, three sweet ffutes, two 
harps, and one viol."’ The inventory also includes a list of black- 
smith s tools, axes, planes, chi.sels. saws, and appliances for tanning 
leather. tog('thcr with a good supply of agricultural implements, and 
the list of live stock and artic-les found on their farms showed that the 
latter \\(‘i’(' in a nourishing condition. 

Phnits ! nt l»j t}i,- m ixniinuir'ii-x . — The ])rincipal plants intro- 
duced by the missionaries were maize, or indian corn, tobacco, 
oranges, lemons, limes, pineapples, cashew nuts, or marafiom's. pea- 
nuts. egg ])lants, tomatoes, and several species of Anona, besides a 
numljcr of leguminous vegetables and garden herbs. 

\\ ith maize, the chief article of cultivation, came the ^Mexican 
nietatl and mano for making tortillas. Tobacco leaves wer(' used for 




Fig. 2.— Drying Maize in the Streets of Agana, Guam. 




Fig. 2.— Hulling Rice in Wooden Mortar 
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paying- the iiative.s for their work, ilo.st of the 8weet potatoes g-rown 
were sold to ships, tlie natives eontenting themselves M’ith yams and 
taro, or breadfruit. Among- the medicinal plants brought from Mex- 
ico was which is still called ‘"acapulco;'’ and P'dlu-atlo- 

hium (hdcf', called " kamachilis,’’ was brought for the sake of its bark, 
which is used in tanning. Coffee and cacao were introduced lat(‘r. 

Modern (Kjricidtiire. — Maize is cultivated in patches varying from 
1 to 10 acres. It is planted on the highlands at tin' beginning of 
the raiin' season. A second crop is obtained from thi' lowlands in the 
dry s('ason. It must be shelled as soon as gatht'rcd. carefully dried to 
prevent molding, and stored in large earthen jars (brought from 
(Manila, .lapan, or China) for protection against weevils, in the low- 
lands, with deep soil, the fields may be plowed. In plowing, bullocks 
or carabaos are used, the latter preferably in wet places; the plow is 
of wood, with a single handle, and tipped with iron, usually forged 
bv the village blacksmith from an old musket barrel. 

Coffee produces most prolitically, and in sheltered valleys where the 
soil is deep and rich cacao of excellent <juality is grown. 

liice is cultivated very much as in the Philippines. The crop is 
frequently a failure, owing to drought <n- a blasting hurrieatii'; aiid 
even in good seasons the crop is insufficient for the consumption of 
the inhabitants. It is oni' of the food staples of tin' island, and is 
now imported from dapan and the United .'States. 

Taro is cultivated both in w<'t and in dry ground. It is much eaten 
by the natives, as also are several specie.s of yams. There are at h'ast 
four varieties of sweet potatoes. It is intei-('sting to note that the 
vernacular name for swt'et potatoe — camote — is of American origin, 
and is still commonly list'd among the Spanish-speaking people of our 
extreme Southwest. 

Tobacco is planted by nearly every family. It must be eai-efiilly 
weeded and kept free from insect larvie, the most ilestrui-tive of which 
is that of a sphinx moth. It is nevi'i- cured nor allowed to ferment, 
but is simply hung under shelter and left to dry. The natives prefer 
their tobacco to all other kinds. They will not smoke foreign tobai-co 
unless their own gives out. It is usually smoked in the form of loosely 
rolled cigars, made without paste, and wrapped with agai e or pint'- 
api)le fiber. 

Several kinds of Legiiminosa' are cultivati'd both for the sake of 
their green pods and for their ripe .seeds. One of the best is I'aopJio- 
(■(irjnir fetnujonololiiiK, the pods of which, eaten green and tendei', have 
four longitudinal rutile-like wings. Peanuts grow readily, in places 
lining the road from Agafia to the port. Mandioc and arrowroot 
{Mnrttnin ((rnndi nacui) are cultivated, but not on an exteiisivi' scale; 
uid tumeric and tai-ca. though growing wild, are somi'times planted. 

The natives have lii'come essentially an agricultural and pastoral 
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people. Soiue of the changes brought about b}' Spanish occupancy 
are shown in the accompanying illustrations. Navigation is scarceh' 
pi'acticed by them. The wondei'ful flying praos have been replaced 
by small canoes of inferior type, which are now used by the natives 
only ft)!’ fishing. There are scarcely more than a dozen native boats 
in tlie whole island. For years what traffic was carried on between the 
islands of the group was b\' means of large canoes from the Caroline 
Islands. 

Another flgure shows the manner in which corn is spread out to dry 
in the streets tipon mats of Fandanus leaves. The cast net shown in 
the flgurt* of th<' tisherman is make of thread twisted by hand from 
pineapple fiber: and the hide in piocess of tanning has been treated 
with an infusion of the bark of Pitheculohinni duU-r. wliich, like the 
source of the leather itself, is an intrusion from America. 

^\’ith the exception of a few families living in ranclierias, the natives 
inhabit villages and go to their ranchos, or country places, for the 
purpose of feeding and watering their .stock or for cultivating their 
fields. Th»‘ town houses an* well constructed; the\’ are j’aised from the 
ground on substantial, durable posts, or built of masonry with a base- 
ment or “bodega.” which is used as a storeroom, taking up the 
ground floor. Some of them are surrounded by balconies inclosed by 
shutters or by windows with translucent bivalve shells for panes. The 
roofs are either of thatch or tile, the best thatch btdng that made of 
the leaflets of nipa palm. Many of the houses arc provided with gar- 
dens. in which grow perenniiil eggplants, red peppers, bananas, plan- 
tains. various kinds of beans, .squashes, and ornamental and useful 
shrubs and trees, including lemons, lime.s, pomegranates, sour sops, and 
sugar apples {Auona Kqiunnimti). Frequently under the eaves, .so as to 
receive the drippings from the roofs, are plantial rows of bright-colored 
foliage plants; and among the fragrant-flowered S 2 )ecies ai’c the mil- 
leguas." the Egyptian henna* — a great bush covered with flowers which 
bear a general resemblance to iind have the odor of mignonette — and 
the llangilang tree,' from which the celebrated perfume is made. 

Ranchos, as the country houses are called, may be constructed for 
the u.se of one or two persons or for a whole familv. Many of them 
iire intended only for temporaiw occuj)ancy. the adjoining ground 
being allowed to lie fallow after crops have been niised on it for four 
or five y('iirs in succession. The usual form of a small rancho is that 
of a shed, with walls of cocoanut matting or woven reeds and a roof of 
cocoanut thatch. Half of the hut is taken up by a split-bamboo jflat- 
form, I’aised about 2 feet fi’om the ground. This is tlu' family bed. 
Beneath it are i)enned ui) each night the Aoungt'st broods of chickens 
with th(‘ir motlnu’s, to i)rotect them from rats, ciits, and liziirds. The 
larger lowls fly to the spreading limbs of a neighboi’ing tree (tlu' site 

« I’erijiilariii vduraUsxiina. Litiiyonia alhii. '■ Cuntiija o'himtd. 



Fig 2 Guam Fisherman with Castnet of Pineapple Fiber 





Guam. An Ox Caut Whfels oi- Calophyllum Wuoi) 




GUAM AMD ITS PEOPLE. 


507 


for a rancho is alwai s selected near a .suitable roostino' tree), or upon 
the ridge of the roof, or perhaps on .some convenient i)erch in the hut 
it.self, where there are always four or live setting hens in ba.skets bung- 
on the posts. iSometimes the whole fainilv remains on the rancho 
during the week, returning to tlie town on Saturday evt'ning. when a 
procession of ox carts a mile long may always ))e .seen en route to the 
capital, so that their owners may l>c ready for early mass the next 
morning. 

There are few masters and few .servants in Guam. As a rule, the 
farm is not too extensive to be cultivated by the family, all of whom, 
even the little children, lend a hand. Often the owners of neighbor- 
ing farms work together in communal fashion, one day on A's corn, the 
next on B’s, and so on, laughing, singing, and skylarking at their work, 
and stopping whenever they feel like it to take a drink of tuba from a 
neighboring cocoanut tree. Each does his share without constraint, 
nor will one indulge so freely in tuba as to incapacitate himself for 
work; for experience has taught the necessity of temperance, and 
every one must do his share if the services are to be reciprocal. By 
the time the young men have tinished their round, the weeds are quite 
high enough once more in A's corn to require attention again. In the 
evening they sei)arate, each going to lus own rancho to feed his bulloc-k, 
pigs, and chickens; and after a good supper they lie down for the 
night on a Pandanus mat spread over the tdastic platfcn'in of split 
bamboo. 

If wealth consists in the ability to gratify one's wants, the people 
of Guam may be called rich; and were it not for the fnapient occur- 
I'ence of hurricanes life on the island would he almost ideal. Aone 
of the natives depends for his livelihood on either commerct' or a 
trade. There are men who can make shoes, tan leather, and cut 
•stone for building purposes, but such a thing as a shoemaker, tanner, 
or mason who supports his family by his trade is unknown. In the 
midst of building a stone wall, the native who has consented to help 
do the work will probably say; E.xcuse me, 8enor. but 1 must go to 
my rancho for three or four days; the weeds are getting ahead of mv 
corn." And when one wishes to get some lime, the native to whom 
he goes for it may say: ".After 1 have tinished gathering my cocoa- 
nuts for copra 1 will get my boys to cut wood and make a kiln. 
Never fear, Senor, you shall have the lime within six weeks." 

The result of this condition of society is that when a father dies the 
wife and children are not left destitute, as would be the ease if they 
depended on the results of his handiwork alone. Thi' crops continue 
to ripen and are gathered in due time by the family; the weeds and 
worms are kept out of the tobacco; the coffee bushes bend each vear 
under their weight of berries, and the cocoanuts, as usual, vield tkeir 
annual dividend. Indeed, in most cases the annual income in pro- 
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visions is uniply sufficient to keep the family supplied with its simple 
clothin<^-. some Hour and rice Imought by the traders from dapan or 
America to exchange for copra, and perhaps a few delicacies, a ribbon 
or two. and a new picture of the patron saint to place in the little 
alcove of the side room, where the light is always kept burning. 

^\'hile ill Guam 1 knew of only one person on the island dependent 
upon charity, and she was an old blind woman without children or 
near relatives. Even blindness does not make beggars of the natives. 
On one occasion, while crossing the island to report on the suitability 
of a certain bay as a landing place for the proposed telegraph cable, I 
visited a house in which a man and his wife were both blind. He was 
engaged in twisting pineapple fiber into thread for cast-nets. The 
surrounding farm was in a flourishing condition — here a field of corn, 
there a patch of tobacco, a little farther away a grove of young cocoanuts 
set out evenly in rows; near the house a thicket of coffee bushes red 
with berries; about the door betel nuts diying in the sun; at the edge 
of the forest a cow. \ ery much like an Alderney, tethered to a tree to 
keep her out of a neighboring patch of sweet iiotatoes, and in a newly 
cleared spot, where the stumps of trees were still standing, 1 saw a 
rich growth of taro and some yam vines twining up a circle of poles 
iticliiH'd against a ti'ce. 

A tine, strapping youth came in to prepare dinner. He was the son 
of the old people and had been born l>eforo they were stricken with 
the diseas(' which caused their blindness. It was he who planti'd the 
garden, who clean'd the forest, cared for tin' cow, the pigs, and chick- 
ens, and collected the betel nuts. He climlted a cocoanut tret' near the 
house and brought in a bamboo joint full of tuba, delicious as ckler 
just bt'ginning tt) turn sluu'p. which, after ])utting across thi' to{) some 
leavt's tt) strain it, he ofh'rt'ti us with tin' mamu'r of a Si)anish caballero. 
The nt'xt day. on my return from the ttpposite shore of the i>land, he 
sadilh'd tin' sh't'k littlt' ct)w anti insisted on my riding ht'r back to the 
city, ht' and the littlt' calf running along by my side as tin' cow trt)t- 
ted over the gootl mails, and wading through the deep mud, as oui' wav 
It'd across marshy places ovi'rarcln'd by great bamboos. On all tin' 
farms wi' passed the natives were planting cocoanuts. There were tii'lds 
of corn, sweet [lotatoes. and toltacco. The young toliacco plants, 
reet'iitly transplanted, were t'ach shelti'ivd from the sun Ity a si'ction 
of cocoanut leaf stuck into tin' grountl at an angle. Evt'rvbotlv 
st'cmt'd contenti'd and all hatl a pli'asani greeting for the stranger. 
Some of the shy litth' children brought out bv tht'ir parents to see us 
took my hand to kiss it, as is the custom in the island on the occasion 
of a visit from a dignitary of the church or stati' or the head of a 
family. It seemed to ini' that I had discovered Arcadia, and wtien I 
thought of a letter 1 had recened from a friend asking whether 
1 belii'ved it would be possible to '-civilize the natives,” 1 felt liki' 
exclaiming, '’God forliidl” 
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By Du. (tkokc Jacob. 


Tlio iiitiniiitc cultiiral cotiiK'ctioii hctwccn the ancient peoples since 
the beo'inninii' of liistorv is an nndeniahle fact. It is almost a truism 
that original ideas are hut exceptions to the overw hehnitiL;' numher t)f 
r(‘prodne('d oik's, and yet e\ en learned men are sti'onL;ly disinclined to 
acknowledge indehtedm'ss for eleiiKMits of culture, h'st it interfere 
with the pleasing' thought of devt'lopment within one's own narrow 
circle. It is hut natural to delight in a structure Imilt in tht' course 
of many years from the (|uarri(“s of one's own field, hut it is (ajually 
tnu' that this sentiment rests on suppositions hased on atiything hut 
facts. A migrating idea, in the purely ideal sphere at least, could 
remain the same otdy under the assumption of perfect identity of 
national characteristics and entin* susptmsion of d('velo])m(‘nt. 'I'his 
not heing the case, the variation of the contmits of an idea among dif- 
fei'ent peo])les is no proof against its moditication from without. Nor 
is it necessary to refute th(‘ strangt' yet common view that tin' possi- 
hilitv of the eonsti'uetion of an internal de^■elopment makes the 
assumption of I'xternal influenet's umu'cessary.'' 

In the religious field the victorious course of Christianity from East 
to ^^’est is not an isolated j)henomenon. Not oidy did tin' Alithra 
cult pursiu! a similar course, hut we coiitinually see religious ideas 
from the Orient penetrating Occidental culture sphert's. It is not 
ditlicult to trace to the intluence of tlie old Persian Dualism'' the 

"Translation, after revision by tin* author, of Ostlielie Kultureli'inente iin .VIhukI- 
lanil. V'<irtrai:, am 4. Feliruar 1002, zu Krianwen gehalten nml naclitr;i*rli<'h erwei- 
tert von hr. (ieorj; .lacoli, ao. Professor der inor]ienlan<lisehen Sprachen. Berlin: 
Afayer and Muller, 1902. ]ip. 24, str. .SOO. 

''Sta\e, in (’her den Kinlluss des Parsisiniis auf das .ludentum, Haarlem, 1S98, 
has falh'ii into both the.se errors. 

' I was led to these views esiieeially by the eouiparative study of Persian and 
.\rabie poets. Notice, for instance, the frec|uency of the epithet /nil: (clean') in con- 
nection with the name of Allah in Pension poetry and search for Arabic parallels. 
Alany Persian conceptions have survived in Alohammedan writino; ; thus the later 
Turkish Kyrk sual point to contact with luiildle Persian sources. (In the other 
hand, old Persian I'onceptions \\ert‘ later forced into the Koran b\ co?inectin;.' them 
with such words as sidra (Sure od, 14, lt>), kauthar (108), sirat (M7, 2)!), siihira 
(79, 14). 
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antitheses between God and tlie devil, between this world and the 
other world, between clean and unclean, which were but gradually 
adopted into the luonotheistie religions. Old Persian ideas, especially 
those pertaining to tinal things, as death, the judgment, and events 
connected therewith, pervade Christianity', Judaism, and Islam, and 
through the medium of the former reached even the heathen Ice- 
landers, so that we again meet their ideas point for point in 
the Edda. We need only think of the world -tree (the tuba of 
the iMohainmedans = Yggdrasil), the well containing the miracle- 
working water at its foot (called al-Kanthar, often only al-haucl, 
'■the cistern" = Urd's well), the bridge of heaven (Avestan chinvat, 
Arabic as-sirat, old Norse Bifrost), but particularly the Dusk of the 
gods, which agrees in all points with the last judgment as described by 
Moslem theologians. Here we have the blowing of the horn, known 
from the Koran, which in the Edda is performed by' Heimdall, and 
the wide plain (arsat al-arasat, or sahra-i-mehscher=Wigrid); the 
•'beast of the earth." yvhich is to come out from a rock lissure near 
Mecca, corresponds to Fenris, and Daggal to the Antichrist and Loki. 
I could enumerate a long list of such parallels." For some of their 
ideas the Persians may have received the first suggestions from the 
Babylonians, though it is at present the fashion to overestimate the 
Babylonian influences.^ The yvorld vieyv of the Babylonians still sur- 
vives in our seven days’ yveek; in fact, only through this world view 
can the astrology of previous centuries be rightly understood. I have 
already called attention to it in my initial publication (1887). IVinck- 
ler'’ has explained the symbolical number seven and the unlucky num- 
ber thirteen from Babylonian conceptions. The latter have to the 
present day exercised a mighty infiuence upon our economic life, and 
thus on human culture in general, through the fact that for the ratio 
of silver to gold the old norm from the mint regulation of Darius 
remained in force till the fall of silver. IVincklcr" has shoyvn that this 
relation represents the time of revolution of the planets correspond- 
ing to the tyvo metals, the moon and sun; that is, ;>7:3fi(J (=1:13^). 

" of tlie literature Learinj: on this subject may be mentioned; Kohnt, Ueber die 
judische Ancelocie und Danionologie in ibrer Abhan<;iokeit vom Parsismus in 
Abhandlunoen der Dentschen Moroenlandisclien (xe-sellschaft 4, IStiti, and Was hat 
die talniudische Eschatologie aus dem Parsismu,s anffrenomnien? in Zeitschrift der 
Deut.S( hen Morten landischen (Tesellsehaft 21, Ernst Bdklen, Die Verwantschaft 
der judisch-christlichen mit der persischen Esehatologie, Ooettinfren, 1902. Com- 
pare also Elard llufro yieyer, Vdlu.spa, Kerlin, 1.S99. 

''So, for instance, Hnco yVinckler, Die babyloidsche Knitnr in iliren Beziehun};en 
zur tmsrigen (Leii)zig, 1902 I, goes too far when he (p. 22) derives our clock face from 
the Babylonian double hour. The division in twelve hours rather goes back to the 
sun clock and i.s to be e.xplained from the fact that the sun does not shine during the 
night. So also our bock beer (p. 43) has nothing to do with the signs of the Zodiac, 
but is due to corruption by popular etymology of Eimltecker Bier. 

rOpus fit. 

" Ibidem. 



ORIENTAL ELEMENTS OE CULTURE IN THE OCCIDENT. 511 


Even slight deviations from this norm caused in the nineteenth cen- 
tury the greatest crises, d'he real relation could only in most recent 
times prevail against the tradition. 

But we can trace the connecting threads still further bai-k. The 
Buddha legend as "Barlaam and Jo.saphat" was during the Middle 
Ages a book of edification to Christians, dews, and Mohammedans, and 
at present the Hindu woi'ld view is beginning to play a role in the 
Occident through the medium of Si-hopenhauer " and the preaching 
of Buddhism by the theosophical societies.'' 

The literature which occupied our youthful minds, and influenced 
perhaps more than we are aware the development of our taste, orig- 
inated to a great ('xtent in the Orient, not only the Biblical narra- 
tives and the stories of the Thousand and One Nights, but also 
many of the tales which the uninitiated considers of German origin.'' 
German lyric poetry, whose creations form an important part of the 
literarv wealth of the people, was during the period of the flour- 
ishing of the church hymn predominantly under the influence of the 
Hebrew Psalter. And in the nineteenth centurv Hiitiz, less throuirh 
Goethe's West-()st lichen Diwan than through Bodenstedfs Mirza 
Schafl'y. which was printed in more than a hundred editions, exer- 
cised an influence upon our love poetry which can not be overestimated. 
The magic-lantern theater (ombres chinoise). especially cultivated b}' 
the Romanticists— magic-lantern plays were written, among others, 
by Justinus Kerner. and an afterplay to it by Uhland. Chr. Brentano, 
Achim von Arnim. Count Pocci— came from Italy to Germany in the 
seventeenth century, but was already flourishing in Egypt in Saladin's 
time and can be followed up till the eleventh century in east Asia.'' 
Goethe borrowed the ideas for the prologue of his Faust from the old 
Hindu theater and the Book of dob. 

Recently the court theaters of the most artistic city of Germany did 
not disdain to borrow from .Tapan the revolving stage, invented in 
1700 by Namiki Schozos, a stage arrangement which with practical 
purposes combines ideal aims. 

The most finished creations of architecture belong to the Middle 
Ages, as we come more and more to learn. No other stvle is capa- 
ble like the Gothic of distributing the masses harmoniously and of 
transforming heavy masonry into light eflects. The horizontal line 

<^An instnu'live t’oniparison of the systems of this most popular philosopher with 
the systems of the Hiiulns is found in Max. F. Heeker’s Schopenhauer und die 
indische l’hiloso]ihie, Kuln, 1S97. 

''So, for instance, Th. Schultze, Her lluddhismus als Religion der Zukunft, I'd edi- 
tion, t.eipzig. 

<■ For example, compare Wilhelm deicer Die knltunreschichtliche Itendeutuns des 
indischen Altertums (iuau>;ural address), Erlauften, 1901, p. S 

''Uouipare (i. .lacoh, Das Schattontheater in seiner Wanderuuj; \om iSIorgenland 
zum Aliendlaud, Berlin, 1901. 
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of the uiiticjue is something which does not occur in nature, and 
a violent crossing of it and the flat roof are una'sthetic in the 
highest degree. The grand development of Gothic architecture is 
due to the many methods of overarching the columns which made 
the pointed arch possible. Now where does this element, which 
enabled our great masters to produce their wonderful creations, 
tir>t apjiear as an artistic means of architecture i In the Mosque 
of Ibn Tulun. at C'airo, which was erected between !ST6 and 878; 
but probably even earlier in the Miqyas (Nilometer). on the Kile 
island Kbda." In art industry our dependence is still more appar- 
ent. With all our technical aids we are still far from attaining the 
noblest productions of the oriental textile industry. This is brought 
home to us. with regard to the Middle Ages, by the raiment of 
old German emperors bearing Arabic inscriptions, and with regard 
to th(' present time by examining the coloi’s of genuine carpets, 
or th(‘ gloss of genuine Hrussa silks. And as in textile industrv 
China gave us silk, so also in ceramics that country taught us to pro- 
duce the tim'st material — porcelain. But the influence of oriental art 
industry reaches far beyond the mere production of material. EveiT 
connoisseur of oui' modern decorative art knows that it owes most 
of its suggestions to Japan. “At the Paris exposition,” the expert. 
Ad. Fischer, says, "everyone familiar with Japan could have con- 
vinced himself that the artists of the various countries often adopted 
the ideas of some Japanese artist. Thus, for instance, the porcelain 
factorv of Koezmidael aj)propriated the glorious flower and bird 
sketches of Schigemasa." Fortunately, we have learned at last to give 
the Eastern patterns a W’estern surrounding, but one familiar with 
Japanese ait will frecpiently discern the exotic master even in the 
creations of modern naturalism, which iigain lovingly studies our own 
flora and fauna, for which the classicists lacked perception, so that we 
are justitied in asking whether this whole tendency, which ap])eals 
to us as something native, does not after all owe its development to 
the intelligent study of a foreign culture.'' One who saw tlu‘ plates 
of the elegant \'ienna edition of Schmoranz, Altorientalische Glas- 
gefasse, which apjieared in iSflS (e. g., XXIX), will reiognize that 
also this branch of our modei'n art industry has, in its noblest crea- 
tions, copied the Orient with greater luck than the antique. This 
opens wider vistas concerning the influence of the Orient through 
art industry. Thus Wilhelm Bode'' points out how Venice, which 
in the fifteenth c(‘ntury reveled in the glory of Oriental carpets, 
matured the grandest school of colorists in painting, and indeed the 

" t'ljinpaie Fmnz-rasiha, Die Baiikuiist des Islam, Darmstadt, 1.S77. p. !!. 

''A^'jcid survey of the eharacter of .lapanese art is gi\en by Max lirinkmaiui, 
Kunst und Knn^tgeueibe in .lapaii (lecture), llambura, 1883. 

r Vorderasiatiselie Knupftepi'ii he, Leipzig ( 1902), p 4. 
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thought .sLigge.sts its(>lt' thiit the ('yes of the Veiietuui piihiters were 
trained in these surroundings. AYe leave out of consideration what 
the antique on its part owed to the Orient and will only refer, con- 
cerning the origin of the gem, to the result arrived at hy Furtwiingh'i', 
of Alunich, tin* greatest expert in glyptics:" 

The glyptic is iiijno of the siKJiitaneons arts wliich arise and Hourish everywhere 
wliere nien attained a certain degree of culture. It seem.', closely seen, to have om‘ 
original home to which all the other cases of its apiiearance more or le.'s directlv go 
hack, that is, liahylonia. 

And the gt'ins again n'lnind me of the Oriental origin of the fabulou.s 
animals and heraldic emhlems:'' the douhlt' eagle is. as it is wc'll known, 
Hittite. 

The sjjirit. tin* forms, and products of thi' Orit'iit everywhere per- 
vade and transform our home. Ik'fore our windows blossom the 
tulii). tlie imperiiil lily, and tin' lilac, transmitted to us by the tlower- 
loving Turks, to whom we probably also owe thi' hors(' cln'stnut. T’he 
eggs of the hen. a fowl origiiudly from Indiii,*' and tin- ,spic('s and 
otln'f products of the Tropics havebecoiiK' indispensabh' necessities for 
our kitchen. Even the old (renuan milh't-paj) had to give way to the 
Arabic cotb'e. Nay. ('\ eii our idle pastinu's bear the stanq) of Alosh'ui 
custom, for wo owe th(' games of chess, checkers, and playing cards'^ 
to the AIohamiiK'dans, 

Hut let Us turn our atti'iition from tlu'se small matters to more imj)or- 
tant elements. The idea of ^(honetic writing, as is well know n. had 
only one source. -All the Indo-( iermanie alphalx'ts have a common 
origin in the North Si'initie (Plnenieian or. more correctly, the 
Canaaiiitish-.Araim'an). That also the .South Arabic cliaracti'i's are 
but secondary forms of it was provi'n by Lidzbuisk il.' notwithstand- 
ing the attempt to reversi' tin' relation. Eventin' ItevanagaiT script 
with its family goes back to the Noilh Semitic source. ' \A herein 

"Aiitikc ( Icmmcii. \nl. 1900, ]>. 1. 

''Edward Thnmas Rogers, Le hla.son chc/. les priiicc,' musulmans dc I’Egyptc et 
dc la Syric: Itullctiii ilc 1’ lustitut egyptieu i, Seance du ‘J4. dec. IS.SO) II. Serie (.'aire 
1SS2, jip. S;l-131. 

‘ The author of the strange l>ook, ReniLiandt als Erzieher, had the misfortune 
to contrast iL’Ith edition, p. 4:5) tile hen, as representative of the beautiful of our 
native fauna, w ith the parrot. The exceptions made by the Rembrandt philosojiher to 
the colors ot the parrot might al.'o hold gooil with U'gard to the roller, which like- 
wise remains a (ierinan binl. 

'' I have shown in the Zeitsehritt der Deutsilieu Morgenlaudiseheu Gesellschaft oS 
(Lsyoi, 349-350, that the Spaiibh “naiiie" — playing card— is derived from the 
Arabic laib, play. 

' Der Ursprung der nord-und sudsemitiselien Schrift: Kpheineris fur seniitische 
Epigraiihik, vol. 1. part 2. This metliodii-ally lua'terly treatise should form the 
starting point for all further investigations in the field. 

.'('onq.are (i. Buhler, Indisehe I’alaeograpliie (Gruudris' der indo-arischen I'hi- 
lologie), Strassburg, 1S96, p. 17 ff. 

SM 19(12 33 
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cousi-sts the cultural value of phonetic or letter writing^ It is not, as 
many assume, in facilitating- the reading, for psychophysics has experi- 
mentally established the fact that we. no less than the Chinese, read 
not letters but words. iNIorcover, anyone can easily convince himself 
of this by the inability to at once read fluently a sentence in an entirely 
foreign language." 

The circumstance that we read words explains the tendency to revert 
to ideographic writing which we can observe in all cursives and espe- 
cially in the name chifl're whose dissolution into their letter constitu- 
ents must be foregone. This is the otdy excuse for the mischief called 
orthography, which greatly uullifles the use of the invention bi" com- 
pelling us to express the same s!)und through difl'erent signs, as in 
German v and f and different sounds through the same sign, etc. Still, 
even in English, where a different vowel from the one meant is fre- 
cpiently written, letter writing has considerably simplitied and facili- 
tated the acquisition of reading, and tliat means the spread of cidture. 
Its effect also reaches beyond the limits of nationality and age. and, 
tinally, only through it could printing with moval)le tyjte have become 
effective. To be sure, our writing is phonetically still far from perfect. 
Th(' forms should in the first place indicate the articulation, and similar 
processes, such as modulation and aspiration, should be expressed by 
the formation of the letters themselves; further development of the 
sounds is conceivable which would nmder the writing simpler and 
more practical. 

The invention of the letter alphabi-t wliich wt- owe to the practical 
sense of tin' .S(‘mites, and which was not (‘ss('ntially nioditied through 
the Classical and Christian (Jermanic cultun' periods, is such an 
important achievement that its historical asi)ect is worth consid- 
eration. To the spread of the Semitic alphabet in the regions 
known as its home, the tind of Tell-el-Amarna furnishes the furthest 
limit in tinn'. for as it proves that cuneiform writing was then in 
such exclusive use in Canaan that even the Canaanitish glosses 
are expressed in this cuinl)ersome script, a Semitic consonantal writ- 
ing could hardly have exisb'd tin're prior to 1400 B. C. * The close 
relationship between the writing of the Moabite Stone (S40 B. C.) and 
the old-Aramean monuments of Senjirili (eighth century B. C.) seems 
to establish a common origin which we can not well push back beyond 
the eleventh century B. C. 1 see, therefore, no cogent chronological 
arguments against the reci'iitly asst'rted hypothesis of the immigration 

"Tlie Itri-ck nvay ly rioGKf tv ( projM-rly, to recognize iiiiiiiii) exjiresses, therefore, 
more correctly the prtjcess than the Latin leaere^^ and tiie (Tennan iesen,’’ which 
re])resent only the elementary phase of reading if legere suggests the collecting of 
the single letters and di-ayiyvcboKeiy the recognizing of whole words. 

* Compare Lidzbarski, oji. cit. 
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of the iilphsibet into Palestine with the Philistines from Crete. " As 
reoards the inscriptk)ns discovered by Evans ^ in Crete, even if, as 
asserted, they contained the mother script of the Canaanitish alphabet, 
and th(' clav tablet archiv('s of Cnossus, from which the decipherment 
will probably havi' to start as soon as they are completely published, 
went back beyond the fourteenth century B. C..'' still wt' have in the 
Orient much older systems of writinjr, besides it is far from settled 
that the ([uestion is here of a purely letter alphabet. The very num- 
ber !>:; of the pictoyraphs discussed by Evans is against this assump- 
tion. 11. Kluge.'' who reads them as Greek characters, had to employ 
arbitrary idcntitications of ditl'erent signs in order to reduce their 
number. Of the many improbabilities of this attempt at decipher- 
ment may be me.ntioned the a.ssumption that the original vowels 
became .Semitic laryngal signs, while the opposite development ai)pear.s 
as the only natural one. Fui-thermore, according to tlu' original 
forms assumed by him for the Cretan lineal signs, they should have 
something in common with the later Gretdv writing in contrast to the 
Canaanitish. but on the contrary the dej)endence (;f the Greek forms 
on the Canaanitish lias been proven with great acumen by Lidzbarski. 
The testimony of tlic anciinits them.sidves that the letters vif (.’adnuis 
went back to an Oriental hero would have little weight if it had not a 
strong support in the unmistakably Semitic names of the Greek 
characters. 

In the IMiddle Ages another .scarcely le.s> grand achievement of the 
human mind was transmitted by the Suracenes to the Occident --the 
Arabic system of numerals. To estimate the importance of reducing 
to a consistent system the position value of the signs which rest on the 
invention of the Zero, we must recall the utter impossibility of calcu- 
lating a logarithmic table with Greek or Boman numerals, and the 
absolute necessity of this auxiliary for all modern mathematical 
sciences. Even tin’ simplest arithmetical operations, as division, could 
not possilily be carried on with the antique numerals, and it requires, 
iiuhaal. a kind of fanaticism to prid’er. even at present, on tith' pages 
such modes of writing as CI.dl.X'CGLXXXVllI. etc., instead of 1S8S. 

The form of the Arabic ciphers exhibit in many directions remark- 
able relations. There was. of course, many attempts to refer them to 
an Occidimtal origin, but the.se attempts are to be taken still less seri- 
ously than those concerning letter script. The graphic evolution of 
the .Vrabic numerals from the Roman, defended with much skill by 

"A. Fries, Lie neuesten Forsehuiificn uLcr ileii Uisprunsr des seiiutisclien Alpha- 
bets, Zeitsehrilt cles Leutsehen Palastiiia Vereins, xxii, ISny, 11S-12H, 

''.Irtluir .7. levaiis, Primitive Pictnirraphs and a i)re-Phienieian script from t’rete 
aiid tlie Pelopiinne.se, The .Journal of Hellenic Studies, xiv, London, 1S94, pp, 270- 
:!72; Further Discoveries of ('retail and .Eirean Script, ibid,, xvii, 1807, jip. 1)27-395. 

'■ Athena-uui, i\Iay 19, 1900, p. 034. 

'' Die Sehrit't der Mykenier, I’l'rthen, 1897. 



51G OKIK^s'TAL ELKMEJS'TS OF CFLTURE IN THE UCtTHENT. 


kSedillot. ' i' ;i iiuT'c play of fiincv and can not he followed up historic- 
ally. uide^s one should introduce as an aryuinent for it the iii of the 
rock inscription of the tenth century at Tor, near the Gulf Suez, writ- 
ten in Konian fashion iininediately hefore the .Vrahic numerals.'' On 
the other hand that the Divani or Siyacjat ciphers, which show some 
similarities to the common Arabic numerals, arose from the ahhrevi- 
at('d Arabic numerals, was already correctly recognized by De Sacy.'' 
Ne\ ('rtheless the Indian orio-in of the .Vrabic numerals, acknowledged 
by the .Vrab^ themselves, can now be eonsideri'd as absolutely certain. 

Prins('p's view.'' that the numerals of India de\elo})ed from the 
initial hdters of the corresponding' numbers, does not take into account 
the possibility of accidental similarity between simple sio-ns. As 
regards India ciphers 1-8. the formation throueh the corr('spondine' 
number of strokes Mould at first siioo-est itself.' but foreign iutiuence 
is probable. But our tii'st task, laying aside eonjectures. should be, to 
collect all the data on the ciphers. Woepeke's''-' assumption of a migra- 
tion of the Indian ciphers during the st'cond or third century to Alex- 
andria is w holly im[)robable, and al'O d(‘V<>id of any ])roof. .\lexandria 
had no need for foreign numerals, and the India .system, being at that 
time still M'ithout the symbol o (zero), had no material advantages o\ er 
the antique. Rather, in their course to the M'('st. m(‘ first meet the 
India numerals among the Ai'abs. the earliest documentary proof being 
furnished by the Fayum Papyrus. Xo. TPs. of the A’ii'ima collection of 
iidO A. H. (—878-74 .V. D.).'' The M'c'.st Arabic rather than the east 

"Sur I'lprieine ile lies chift're.s. lettre ile M. I.. .Am. .''(■ilillot a M. le jiriuce Balttia- 
sar ISiinn iiii|iaeiii. lA trait ile- .\tti it'll’ .trcaileinia pimtitiria ile'X'iiot i l.incei, Tniiio 
xviii-.\iine xviii .Sc.-sinne Va del 2 .\|irile, ISii.'), Rmue, ISli-'t, e-pecially ji. l>. 

'' ('einpare Zeitsclir. iler IK'iit-cli. .Merireiil, < ieseilscli. .'ll), p. UU. 

' ( iramiiiaire Arabe. 24 ed , vel. I, I’ari^, l.sZl, ji. PI and jilatc viii. Kxanijiles of 
tile Sivaijat niiiueral'-' are alse liniinl in the jiroeeedinas nf the liiternational t'oiieress 
Ilf ( >rientali'ts at Vienna, is.ss, .Seinitie .Section, jil. ii Tiirki-h IISS. of the Library 
of the Deutsche Moreeni, De-ellsch., No. .V, of the old eataloLtue (II, p. dh) . The 
photoerapli of another Turki-h doi-nini'iit with Siakat cijihers, the oi'ioinal of which 
is in the Lthni leraphical .Mnseuin at .Munich, was sent me a few days aoo liv Dr. Buch- 
ner. ( ’mint I’.herhard \ on Mu linen, w Im lii"t called my attention to this script and 
who kindl\ placed at niy disjiosal some modern e.xainples of it, refers me to Ismail 
Idialili lull Kdhem, Takvim-i-meskukiat-i-seldschiikijje, ( 'onstantinoiile, Idnil, |i. •Hi. 
"'.hinrnal of the .Asiatic Society of I’eiiiral, vol. vii, part 1, (.'alcutta, ISdS, p. ddS ff. 

' (’ompai'e Ihihlei, Indische I’alaeoaraphie, pi. ix. 

J 1 reter to Kutinc's synopsis of the .Aramean ciphers in his Xahataische Iii.“chriltcn, 
p. Pii -'IT; Lid /I lai'ski, 1 landhiich dor iiordsemitischen I'ipicraphik, p. IPS ff. ; ( lot t hold 
( lUnderinann. Die Zahlzeicheii. Die-.seii, l.StlP; on the et'olution of cipht'r wTitine in 
India, Bniiler, I ndische Palaeooraphie, pi, ix, 

'/.Alemoire siir la propagation des chiffres indieie: .loiirnal .Asiatiiiue, Scrie vi, 
Tome 1, Isn:’,. 

'''Comp karahacek, I-'iihier dnrch dii' Aiissti'llunc 'Papyrus kizluT/oo liaineri, 
pp. '-Mli-'-'l I , lor latei pruolsid. in Wiener Zeitsehrilt fur die Kunde der (Morgen laiides, 
xi, 1SU7, p. Id. 
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Anihic lumienils resemble ours ii.-' well as those of India, because 
they have more faithfully preservcul tlu' old Arabic forms, d'lu' his- 
tory of writinc offers in this re.spect a 2 )arallel. since the Maghrib 
alj)habet stands in many respects much mairer the Cutic than does 
the Xeskhi. Tin' cipljei's of a Shiraz manuscript of tin' t('nth cen- 
tury " shows the transition of tlie older Islamic forms into those at 
pres('nt in us(' in tin' East. 

In ('arlier times tin' zero was represented by a point; the circular 
form is secondary. H. lloendi''’' believes lu' recocnizes the beuinnino- 
of this sio-n in India in the fragments of an Indian arithmetic recent!}' 
discovered, which he wouhl ascribe to the thii'd or fourth century .V. D., 
and in which the point is also still ('inployed for the' uidenown ([uan- 
tity. If it must be admitted that there is no inscriptional evidence 
for the zero before the eighth century, still then' are indications of its 
existence in India even in previous ccnturii's. I also believe that there 
is anotln'r -cries of phenomena coniu'ct('d with the history of the 
dev('lopment of tin' zero which until now have not bec'ii considered 
luuh'r this as[)('ct. 'I’ln' (Trre('k philolocians n-ed at tir-t to mark pas- 
sajjes which they considered a- not u'cnuine by a liorizontal line called 
n/iiXof. In the Ilexapla of Oriei'n tin' o/ieXo^ ai)pi'ars in various 
forms without any addition, as hvi)olemniscus with a point under- 
neath, as lemniscus with two points, one above and tin' other uiuh'rneath 
the line. .\s these sinns are list'd jn-omiscuously. tho-t' jirovitled with 
points jirobably did not oric'inatt' with Orie'i>n himself, but ri'pi'esent 
attempts at explanation liy the scribes. 'I'lit' coniu'ction between the 
obelos points and tlu' cancelinc’ point, \s Inch writi'rs of ditierent lan- 
euae'os of the Orient and Occident place over h'tters which we would 
erase, is evidi'iit. In Latin this jiroct'ss was already in tlu' fifth ci'n- 
tiirv in vocue.'' As reeai-ds OreeU.'' Svriac. Armenian, I can only a-sert 
the fact without bt'iiyu- able to tix the date of its becinninu. In the 
Hi'brew Old Testanu'iit. too. our texts mark I'l'ery letter to be can- 
celed by a point over it (compare, for instance. Oenesis xvi, .1). and if 
an ('iitire word should not be read thi' point is repeated over everv 
letti'i' of it (compare, for instance, (iencsis xxxiii. 4). In Psalm 
xxvii. 3, is even found a mark corrcspondini;- to the h'lnnisciis; that is, 
tioints above and undi'r every letter. I'he mentioning’ of the-i' points 
in the 'ralnuid ' shows that they are older than the Masoretic vowel 

" i;c|ircdncc'l L\ Wiu’iK'kc, op. cit,, p. T.’i, <oluinn 4. 

''On tile liakh-liali iiuinu-cniit. mllie J’loi-ecdiimsoi the Vllth I iiteriiational Con- 
trie.-s ol ( Iru’iitali-ts at N'leiina, LSSli, .\ryan -cetioii, ii|>. L!l-L12. ( 'oinpare also .M. 

Ilal lei landt, Ziir t ic-ehiclitc dei Nall, < le-teiren lii-clu’ ^lonatssi-hritt lur deu 1 Irient, 
Wieli, ISllO, \ol. hi, pp. loS-hiO. 

'■ Maunee I’lnu, .Manuel de I’aleoaratihie latiiie et trancaise dii \r an xvir', siecle, 
Pans, o. ,1 S,151. 

'' Coin]iare < iardtiiausen, ( d’lcehi-che Palacoirraphie, Leip/.iu, IST'i, jip, •_>7,S-279. 

' Per Uahylouisi'he Talmud uheiss’tzt \oU Wun-i he, 1. Ilalhhaud, l.eipzic, lSS6,p. 6. 
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system which the Talmud does not imt know. The circle (circellus) is 
met with in the Old Testament canon when the reading of the text is 
supplanted })y a Masoretic marg-inal correction, which appears in our 
editions as a footnote. A small circle with negating force is also 
known to the Arabic popular script which arose in the period of the 
Omeyads. The well-known Arabic sign of vowellessness. called sukiin 
or jeznia, i.s pi'i’haps not an unimportant contiecting link in the history 
of the zero. It dift'ers, it is true, from the other cases in so far that 
it negates the vowel, not the consonant. ))ut Noldeke. in his Geschichte 
des t^orans. page Sit!, has also addnci'dan instanc(' of the latter; in the 
Cutic codex. IVetzstein, n. s.. Ao. 5. a yellow zero appears as a can- 
celing mark of a consonant." In addition to the paleographical wit- 
nesses conn' also historical ones. 

In a poem composed by a Bedouin during an expedition to Gyprus 
under the Calif Al-Walid Ibn Yazid A. H. =743 A. Ib),* the 

author deprecated the sea voyage, which he would gladly exchangi' for 
a cann'l's ride, resigning wages and heavenly reward to others — if ho 
had but tirm land beneath his feet, he would at once desc'rt: ” \T'rilv.'’ 
he exclaims, ‘'nu' name at the roll call will receive a circle.'' Positive 
evidence for the existence of the zero sign in the Occident and its Latin 
name cifra can be shown only since the twelfth century.* In the six- 
teenth century a division of meaning takes place so that tlie word in 
the form of " Zero'’ preserved the old signitication of null (zero), 
while in that of chitfrc," cipher, it was used for any numeral. ' While 
1 readily agree with Krumbacher that the word sipos. which twice 
made its appearance in tlie Occident, can only be (pse[)hos) 

I know of no phonetic Arabic parallel to the derivation of sifr from 
f?/(po{(p(>)pia (pscjihoplioria). Sifr occurs in the meaning of ‘'empty,'' 
even in pre-Islamic time.'^ We shall therefore have to accept the old 
explanatloiC that Arabic sifr in the meaning of zero is a translation of 
the corresponding Indian sunya." Asm the casi'of the sign foi no value, 
so also from theOiient comes the sign for thi' unknown value. Hen', 
too, most desperate attempts were made to show its dernation from 

" We eniplov the caneelinK jioints at an erased wool and they leler tlien tn the 
erasure, 

''Noeldeke. Delectus veteruin carininnni Arahicoruin, p. OZ, Wellhauseii. Die 
Kample der .trailer niit den Knniaern in der Zeit der rniaipden, p dZ. 

' Cunii). Kail Kiunibacher, Wohhei staniint ilas Woi t /.iffer ( chiffre ) in Psicliari, 
Etudes de ]ihiloli)«ie neii-uiecqne ( BlIilKitheipie lie rKeule des liantes eludes, 'r2) 
Paris, 1892, p, 847. 

'Mviunibacher, up. cit., p .148. 

'^Coinp. Ilalini, ed. Schulthess, 81, 9, comp, alsn safira ’l-w itabu [niiuul(|uais Mil- 
wardt 7, 8, Ibn al-.\thir, i. p. .179 

2 Woeiicke, op eit., p. .822, 

tronil snr\ey ot this (|nestion is •'i\en by Herinann Schuliert, Zahlen mid Zald; 
\ irehow- tioltzendorlt’sche Voitrage, Neue tolge, 2d serit*s, part 1.1, Il.imburg, 1887. 
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the antique culture .sphere, and each theory had adherents. Thus, 
according to Prouhet, whom C. Heniy .still praises" for his “inge- 
nious” idea, we must believe that our X wa.s the Roman sign for 1,000, 
viz, x)( = CLd), for one says: “He eats for 4,” etc. One would 
expect that mathematicians, and e.specially arithmeticians, would be a 
little more precise in handling numbers and not w^rite 1,000 for anj* 
other number. Lagarde, as is w'ell Icnown. has proven'' that the X of 
the matlnmiaticians is an abbreviation of the Arabic word shei, “a 
thino',” “.somethine-.” which as earlv as the eh'venth centnrv was used 
to designate* the unknown, and which in the then prevailing Western 
transcription w'as rendered by xei and still appears in this form in 
Pedro de Alcala. 

We have thus se(>n that two of the most important foundations of 
our culture, the alphabet and the ciphers, wc're gifts of the East. In 
order to obtain a moiv definite' judgment of the share' of the* Orient 
and Oce-ident in civilizing humanity, let us now turn to those discov- 
eries and inventions whii'h have e-eentribute'd meest tee the* mighty nu'ntal 
progre'ss e)f the last centurie's. 

We begin to outgrow' the ideals of .so-calh:d Humanism. Our age 
is in transitiejii from e-lassicism te> unive'rsalism. Me'ntal ae’hievement.s 
are' never formed from cheud mists, but ni'ed a e'one'rete basis. The 
broad foundation of our modern world view is the result eef familiarity 
with the' s[)irit of foreign e-ivilizatiems, and the'.se' could e'nter into our 
horizon only after the invention of the compass, which made* naviga- 
tion on the ocean possible. The magiu't nee'dh' was kne)wn to the 
Chine'so even in the* beginning e>f the* .st'e-oiiel e'cntury A. D., the most 
important evidence of this fact being given in Klaproth's famous let- 
ter to Alexaiule'i' \'e)n Humboldt. Sur I'inve'iitie)!) de la leussoh'.'’ Ibn 
'Adhari epieetcs an Arabic ver.se eef 8.14 A. D.. in which the qaranut 
( = ealamita) is mentieeneel in ti conne'e-tieen wliie'h evould imply its refer- 
ring te) the' ship's ceempa.ss.'' 

The work of civilization ne'eds periods of peace. These we eewe to 
the improve'ine'nt <jf our military ati'aii's, which have made war more 
te'rrible, but also less fre-epient. This, again, was made' ])ossible only 

"Ue'vne an'ht''oloi.n(Hie, Xeiivelle Serie, vel. oS, ji. .s. 

''WdluT stuinint lias X iler Matheinatiker; Hittheileingen, Gottinven, l.sSI, vel. 
I., pji. lo4-K)7. 

' Paris, 1S34 labhiwiateil iu German by A. AVittstein, la'ipzig, 188.)). 

'U'<>m]i. Al-Piaj.nuP l-iiiufilirib, eal. Dozy, Leklen, 1S49-1S.')1, vol. ii, p. 97; com]). 
]). eb of the glos^ary, See also Joeiinal .Vsiatieiue, vi, 11 (1808 i, ji. 174 ff.; Steiu- 
sehneiih'r. Intornoa.l aleiini passi iroi>e're elel meeliet e\o relativi alia ealamita, Roma, 
1871. — A. .Sehuck (Hat Euroiia eleii Kompass iiber Arabieii enler hat ihn Arabien 
\on Eniopa erlialteii?: AusUhkI, eV), bS92l is neit aeijiiainteil with the' important tes- 
timony of 11m 'Aellulri, althou>:h it was to be fouml in K. AVieileinann, Uber die 
Nateirwissensehafteu bei den Arala'rn, p. 2(1, anel thnsarri\i'd at wroiit; eone'lusions, 
as the earliest .Arabic information known to him dates from the thirteenth century. 
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1)V the invention of gunpowder, which giivc to the intellectual eleiiiont 
the sole inasterv in warfare. The a priori conviction of iiian^' that 
onlv the Greeks or JRomans could have invented gunpowder led to a 
dire confusion in this question. Combustibles like naphtha, etc., to 
which class also Greek fire belongs, were in use in the armies of the 
Califs " and were confounded with explosives. Marcus Graecus, who 
had a receipt for making gunpowder from saltpeter, coal, and sulphur, 
being credited to the ninth centuiy, while he actuallv wrote about 12 .j 0, 
and this under Arabic influence. The monk Berthold Schwarz is 
naturally a counterpart to the pretended inventor of the compass, 
Flavio Gioja. the historical facts about both being in doubt. In any 
case, their lives are placed in a time when the inventions which they 
are said to have made had long been known. Those who would iv'con- 
cile this discrepancy try to reserve for these men some improvement 
which they might have applied, but as a rule with little succc'ss, 
A critical sifting of the e\ idence begins only with Komocki's excid- 
lent history of explosives.'' followed by a summarizing lecture by 
Dr. Edmund O. von Lippmann at Halle.' Both specialists arrived at 
the sauK' conclusion, that saltpeter was tirst known in China, but not 
befor(' about the middle of tlu' twelfth cimtury. A'e have old Chinese 
accounts of the brave and successful defens(“ of the Chines(> city of 
Pian-king (K'ai-fung) on the Lower Hwang-ho against the Mongols 
under Ogotai in Here we first find e.\])losi\’es. l)lasting botlies, 

and rockets employed by the Chinese against the enemy. Of their 
form wo get an idea from the cuts in Chinese tire books. In the 
thirteenth century the .-Vrabs became aiapiainb'd with salti)eter, 
through China, for they designate it as thelg as-.Sin (Chinese snow), 
and the rockets as salmi Khatai (Chinese arrow). In the tire book of 
Hasan ar-Kammah (Paris National Library, di' Slan(‘'s catalogue No. 
2Sii.5 fl'.p which originatc'd between 127.5 and i2h5. siltpeter already 
forms the •'liasis of fireworks" (Komockig The same Hasan ar- 
Kanmiilh for the tirst time describes a torpedo as baida takhrug wa-tah- 
ru([ (an egg which comes forth Imrning) with a cut in one of the Paris 
manuscripts, n'produced by Uomocki.j). 71.' 

More important for us, however, than the compass and gunpowder 

" (in tlieir luqililha ilivision iiiy -Vriitiiscticr liei'iclitcri-tattcr, .‘M cd., p. 

.r. \'(in R( iinocki, ( ic'-cliiclitc (L‘r l']x|il(i.«ivst(>tfc. I. 1 (Inr Sprcnyi'tol'f- 

cheniie, dcr S|irvn>'tc('hnik uiid dns Torpedowesens Iiis zuni l>c<,'inn dt'r nciiestvn 
Zeit, I’.frliii, isa.-i. 

' Zur (icscliichte dcs Scliicsi-iadvei’s and dcr KciicrwaflVn, Zcitscliril't fiir Xatiir- 
u isscnscliaft, \(il. 71, IS'lS. jip. 

Fully translated by Stanislas .lulicii in Rcinaiid et Favi', Du fen yreyenis, des feux 
de yuerre et des criyines de la jiimdre ;'i canon chez Ics Aralics, Ics Uersans (“t les 
Chinois; .Tonrnal Asiatuinc, octoLre LS4!». p. 2S4 ff., reprinted by Roniocki, p. 45 ff. 

'< iinip. abo Alax .Jahns, llandbiich einer 1 uescldehtt* des Ki’ieysweseiis, Leipziy, 
1880, ji. 518 ff.; (leschiehte der Kriegswisscnscliaften, Miincthen, 1889, i, pp. 179-182. 
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was another invention. 1 mean that of i)rintino-. on which in recent 
yc'ars new li^lit has l)een shed, (“specially throuu-li th(“ hnds in Eyypt. 
If printing now appears to us as the greatest achievement of civiliza- 
tion. the merit of the invention rests h'sson the fundamental idea than 
on two preliminary conditions which rendei'ed it possihh' to be turiu'd 
to account, and without which the process would have n'lnained 
un])ractical. namely, the manufacture of a cheap wi’iting material 
and the })honetic system of writing by which the entire fund of 
language can be ri'presented through two doz('n signs. We shall see 
how th(“ Ori('nt can claim in all these elements a considc'rabh' share of 
glory. In the tirst place, as regai'ds the fundamental id('a of 2 )rinting, 
it can hardly be called a f(“at of genius, for tin' idc'a already ('xist('d in 
the use of ancient seal signs and mint stamps. The Babylonians 
who. as is well known, used clay as writing mat('rial. knt'w a method 
of multiplying t('xts analogous to book piinting. W(“ have old 
oriental seal cylindei's " co\ cred with long('r or shortei- texts that were 
impressed in soft clay as the cyliinh'rs rolled ovei- it. Writing mate- 
rials of classical anti(piity wei'(' too costly to make tin' gt'iieral appli- 
cation of this process feasible. The art died out until East Asia 
solvc'd the problem of mat('rial in a way befon' unsuriniss('d. ,\.s 
recently as IsTn Wattenbach, in the second edition of his Schrift- 
wesen im INlittelaltor (p. Ill), said: ••Paper "■ •• wraps its 

origin in thick darkin'ss whicli will probably in'Ncr bi' dissipatt'd.” 
How strangely this sentence now reads sinc(' the histcu'v of i)api'r has 
come to be perhai)s more unfolded to us than tin' history of any other 
ancient invc'iition. l\'e owe this progrc'ss abo\e all to tin' fortunate 
circumstance that the gr('ater part of tin' papyrus tind in the Favum 
cann' into tlie hands of in\ t'stigators at I'ieuna who understood it wt'll 
enough to makt' a scientific ust' of it. while tin' part which strayed to 
Berlin has contributed nothing to the immcT-ous and surprising rt'sults 
gained in I'it'iina. 

Ancit'iit civilized nations at tirst used for w riting materials what 
naturt' product'd in a condition alrt'ady suit(“d to that [jurpose. So 
the Chinese formt'rly employt'd Itainboo. as wt' can iiif(‘r from the 
com])osition of some of the characters of their indi'ographic writings.'' 
T'he ('mi)loymcnt of color contrast must also In' coiisith'red as a st('p 
forwai'd. foi' at tirst tin' signs were merely scratched, as was the cus- 
tom of our anc('stors. 1 surmis(' that tlu' invention of the pit (or 

"Sec Furtwanelei'. Antike Ceiiinieii. vol. 1, ])Uite 1; vul. ;i, ji. 1 ff, lllu'ti'atidiis 
are fduinl, for iiistam-e. in I Fpiiinier-- < lescliiehte Ilaliyloniens ainl A^^\•riens. I’.efore 
the coming of scaralis into u~e this form of seal prexaileil also in F.gvpt. Fiirt- 
w.ingler, op. cit. See Dyrolf, FnliriT (lurch das Koiiigliclie Antipiuariuni in 
Alunchen. ]i. 10!). 

''Comp, for tile following Friedrich llirlh. Die Kriindung cU's I’apicrs in China: 
T onng I'ao, Leiden, IS'lU, vol. i. ji. i ff, reprinted, without Chinese tv]>es, in his 
Chinesische Stndieii, vol. i, p. L'.V.t ff. 
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brush of I'at's hair, which the Chinese still use instead of the pen) is 
connected through ]\Ibng-T'ien (died 20d B. C.)" with the appearance 
of a softer writing' material which, according to Chinese accounts 
found in Ilirth, was, even in pre-Christian time, made from silkscraps. 
A))out loo A. D. Ts"ai Lun, the director of the imperial manufactory 
of arms, made his immortal invention. Finding silk too expensive and 
bamboo unhandy, he devised a new writing material and manufac- 
tui-ed pa})er out of bark, hemp, rags, and lish nets. It is well known 
that paper can be obtained from various plant libers by freeing them 
from foreign sul)stances, vigorously stirring when in a moist condition 
and drying in thin layers. The older processes show a similarity to the 
manufacture of felt, except that felt is made from raw animal mate- 
rials while the paper industry uses vegetable tiber. As felt manu- 
facture was particularly at home among the East-Turkish nomads, it 
may b(> supposed that the suggestion for tlie preparation of paper 
came from them to China, the more so as we tirst of all hear of raw 
animal materials (silk scraps). The most important source on Ts"ai 
Lun is his biography in the annals of the liiter Han, which treats of 
the period of 25-220 A. D. The great importance of the new inven- 
tion was already recognized in his lifetime, and succeeding years did 
not forget his merit. In 105 A. D. Ts'ai Lun was officially praised 
by a cabinet order, and his house and the stone on which he stamped 
his paper were for many centuries con.sidered as celebrated sights. 

To the Vienna orientalist, Hammer-Purgstall. belongs the merit of 
having tirst brought to light from Islamic sources the important 
account of the spread of Chinese papt'r by way of Samarkand to the 
WestC' the precise date was established by Karabaeek.'' The most 
important source, Tha'iHibi’s Lataif al-ma’arif.'' relates of the i)aper 
industry of Samarkand, which superseded papyrus and j)arehm(mt, 
that it was transplanted thither by Chinese i)risoners of war. captured 
by Ziyad, son of Salih. There is a parallel account in Qazwinfs 
Athar al-bilad.' Karahacek’s somewhat fi'ee translation s(>ems to me 
to have much o])scured the meaning of the ittakhadha. 1 should ren- 
der the ({notation from (^azwiiu: •‘'The author (ffi Kingdoms and 
Traveling-route's relates that prisoners of war from China were trans- 
planted to Samarkand, among whom were some who understood the 
mamifactuK' of p'lpe'r and choose' it." etc. The refere'nce lu're is evi- 

" I am inileht(.'(l fur this jircci.st' dati' to Professor Ilirth, of .Munich, whom 1 coii- 
snlted in some cases about the transcrihinj; (if Uhitiese names. 

''Zcitschr. iler Deut.sclieu morirenl. < iesellsch., vol. \iii, IS.'iI, ji. .■>29. 

'Comp, for tile following; Karabaeek, Da.s arabische Pajiier, reprint from tlie 
secoiui and tliird volumes of tlie Llittheiliinoen aus dec Sammluiif; der Papyrus 
Erzherzopi Rainer, \ ienna, 1S,S7, and Neue tiucllen zur Papyrusoeschichte by the 
same, re[.rint from the fourth volume of the Mittheilunoen, Wien, LS8S. 

Edition of De.Toinj:, p. 12t>. 

' Edition of Wustenfeld, p. 300. 
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denth’ to the Mukataba. or right of slave.s to 1 )uy their liberty, for as 
intidel prisoiiei's of war were b}’ I.slainie law retained as serfs until 
they coidd accumulate the necessary ransom, thei' had to be given an 
opportunity for carrying on a trade. In the present case some of the 
f'hinese iiaper makers chose the paper industry. The entcu'prise was 
successful and becanu' a permanent acquisition for Samarkand. Zivad 
Ibn Salih is therefore not to be considered a gHuiius in ecimomics who 
wished to turn the skill of tlu' fonugners into the seiviei- of his own 
state. From Ixjth ^Vrabie and t'hinese .sources, which agrei' (wen iis 
n'gards the montli. we h'arn that Ziyad gaiiu'd a gi'eat victory o\('r 
the Turkish princes, who were waging wai‘ against each other, and the 
auxiliaries sent by the Chinese Kinperor under tlu' command of the 
Korean Kao Ilsien-fa in July of 7.'»1. Only on this occasion could 
those prisoners of war have come to Samarkanil. 

J'he Harmecid(' A1 Fadl Ibn Yahva, brother of the grand \ izi('r ( ia far 
wlio is known from the Thousand and One Nights, had as governor of 
Khurasan opportunities to become ac<[uainttHl witli tin' Samarkand 
])aper and transplanted this industry, as is ii'lated by Ibn Khaldun 
under the reign of Flarun-ar-Rashid. between Thf and 7b.5 to Baghdad. 
By this sti'p the Barmecide acapiired great praise for himself, tin' city 
of the Califs having taken the lead in paper manufactories that spread 
into all Islamic countries, as far as Spain. The Museum Erzln'rzog 
Rainer possesses two Arabic letters on rag paper (Nos. 1*17 and !»18) of 
about sou A. IX, which are probably two specimens of the Bagdad 
paper factorv a feiv vears after its establishment. The excavations of 
M. A. Stein in Chinese Turkt'stan may have lirought to light still oldei’ 
papi'r samples." By a chronological sifting of the Fayum documents, 
the gradual use of paper in place of papyrus can be distinctly fol- 
lowed. and in the middle of the tenth ct'iiturv tln' latter is entirelv 
superseded. At the beginning of the eleventh century we tirst meet 
in the Fustat bazar w ith packing pajM'r'' in jdace of the coarse papvrus 
of which Pliny, xiii. 23. says: Nam einporiea inutilis scribendo invo- 
lucris chartarum segestriuuuiue mercil>us usum piaebet. itleo a merca- 
toribiis eognominata. 

In agi’cement with the account of Fihrist (p. ::11) that the Klmnisan 
paper was made of linen. Wiesiier's microscopic iuvt'stigatioiis have 
proved that cotton paper was not the predt'ia'ssor of linen ])aper. as 
was formerly thought, but had never existed.' 

For the furtlu'r spri'ad of i)api'r in the Occident we have onh' Wat- 

"S(i far (iiilv till' iireliiiiiiiury rt‘l><>rt, London. t’lOl, is acce.ssildc to me. 

''t'oiiip. Karahaeek. I)a.' arabiselie Pajiier, ji. :!7. I'erhaps the Kevptiaii docu- 
ment linds come from such packinir jia])er stores for wliicli tlie numerous documents 
of a pritate cliaracter would speak. 

'.I. Wiesiier. Die Faijumer uud Fscluiu'ineiner I'apiere: ilittheilunaen aus der 
Samnduno F.rzlierzog Itainer, vols. 2 and :«, tVien, pp. 179-260. 
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tenbach's compilation'' from which it i.s difficult to ol)taiii a clear vi('w. 
Still, according to tln' data ^'ivcn by him. it seems that papi'r produc- 
tion came from the Arabs to Southern Euroj)e in the twelfth century 
and in th(' fourteenth to (Tcrmany (]). 145). How thoroughly the 
invention, the history of which we have just sketched, now pervades 
all oui’ relations in life is shown among- other things l)v the cognomen 
of “paper ag('" given to onr tiine. Borrowings of civilization have 
also their traces in the language. And indeed our paper measures, 
“(piire" and ■'D'am." go back to old- Arabic time. •■Ream" is the 
Arabic rezma. " package.'” which passed into Spanish as resma, into 
Italian as risma. into Grernian as ries, into Frmich ;is rann'. For 
•■quire" the French say •Anain de papier." the Russian ■•d 3 -est 
bumagi." Dest is the Persian word for hand and in Arabic also 
denotes a pan''-' and a measure.'’ On the other hand. f(n’ the material 
itstdf the languages of the Occident did not receive a new word but 
transf(>ri'ed the Egyptian designation of the older writing material 
to the new descendant which in common with the former is of vege- 
tabl(‘ nature, just as the name ••pen" was inherited by the more perfect 
steel writing instrument. 

Lik(‘ the art of paper making, so also that of printing wandered from 
the Orient to the Occident in the form of fabric printing (Zengdruck). 
Aobodv has thus far made a studv of this industry in China; in fact. 
th(M'(> is a geiu'ral dearth of workers in the field of sinology. It is 
well known of the Davaks of Borneo that thev first cut the designs of 
their tattooings in wood. then, with tin* aid of a pigmtmt, imi)ressed 
it on the skin and performed the operation after this pattern. We 
possess Kg 3 ptian fabric prints of the sixth centuiy. What is perhaps 
the oldest sample comes, it is ti-ue. from the tomb of St. Cmsarius at 
Arles, but is v('r\' [)rol)ablv of Fgy})tian origin' and is })reserv(‘d in 
the ( b'rmanic iMuseum at Auremb(‘rg. ' I'his same institution possesses 
a valuable collection of fabric i)rints of the sixth and seventh centuries, 
which Dr. Forrer. of Strasburg, excavatefl at Tkhmim. in Fpper 
Egypt; also two falu'ic print models from tin- same place. A shred 
reproduced by Forrer'' seems to rei)re.-,ent the beginnings of the art 
in the Occident and dates, according to him, from the Carolingian 

" Si'lii iitwe.-cu ini iMittclaiter, ;M eilitioii, [,ei|izig, ISStl. 

''('imip. Flci'i'licr, I •(' alnssi' Haliichtiaiii'^, Liii^ia-, |i|i. uml T.es viiyagi s 

(Ic sinileliad le Marin, eil. .Maclnicl, Al ('-(I. Alger, ISSI, p. L! nf the Araliic text. 

' ( iinip., fur instani-e, Ihii at-Ti()tai|a, eil. Ahluardt, |i. l:!|; faakala iiia'ahn de^- 
taiii iiiina’ l-kliuLzi saniiilhi, he ate a de.-'tnf eracknels; in the Staniliul Karag. / 
print, Karagdzun aktur (>lnia>y,’’ i'l read, p. S. --hir desta kiat,” a ilest ef pa|)ei. 

''See Ileinrieli Sehnrtz, I rgesehieliti- il<‘r Kultnr, [i, hUT, and the iliiotratieii ef a 
tattiKjing i-tanip mi p. :!t)S. 

' Cijinp. R. Fnner, Fe;- Imprinienrs de.- Tii-su'. Straslimirg, ISPS, jj. i». 

.1 Xo. mss in Ilainpe - Katalng der ( iewehe-ainndnng des ( lennanisehen Xatimial- 
nnisenni-, 1. pait, Xnrendierg. Fstlti. 

;/l)ie Knnstdes Zengdrneks, Stras.-'liurg, Lsas. plate iii, Xn. 1. 
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period. In the .-'Ueeeedinii- centuries it 'wiis (ierniiiny tlmt iissiduously 
cultiviiteil fiihric printinji' in tlu' Occident." 

Printinc- on puper arose in China as a consequence of paper inven- 
tion. As early as LTh A. I), the t(‘Xt of th(‘ Chinese classic', was jjostcd 
on th(> out('r walls of the univ(>rsity and iiupn'ssions w(‘re taken of it. 
At tlu' (aid of th(‘ sixth century ])rintine' was carried on in China with 
woochai plates, for at that tini(' the rtuunants of tlu' classical hooks 
were cut in wood hy order of the founder of the Sui dynasty.''' At 
an early ptudod the Chiiu'.sc invtnition uiiwrati'd to dapan. On the 
la'oinnino's of .Iai)an('so printing Satow c'ivcs a thoroueh study. We 
leai'ii from it that in 7h-t the dapanc.sc Kniprcss Sho-toku oi-dcrcd a 
million of small woodcm payodas. (‘ach c<)ntainini;- iui imprint of a pas- 
sage from the IhuKlhist hook \hm:da nirl)hasa Sutra, to he distrihuted 
aniono the Puddhist temples and luoTiastcric's, Tlu' cai'i-yine- out of 
this command wa- hrouoht to an end ii\ TTo. A numla'r of these' 
pap'odas have' hee'i) rediscovi'red in the' lleeryu monaste'rv at Viimate). 
'I’he'v contain een leeno rolle'd-u}) strips Sanskrit texts, hut iei Chinese 
e'hariie'tors. Fae'simile's so fai' e'xist e>nly in .fajeane'se' works.' We 
also jKjsse.ss metal printing plates eef the' ye'jir slh, with Chine'se' signs 
in re'lie'f.'' Ilirth feeund a heeeek oH'e're'el tor sale' in China which was 
printed from tilate's in A. D.. e'eentiiining leoi'iiis hy a poe't of 

the' Sung elynasty. with te peertrait eef the' author in weeoeh ut.' Fe>r 
the sue'e'e'e'eling centuries infeermatieen on he:ie)k ])rinting in Feist Asia 
he'come's more' anel more ahundant. 

Although the' geeigraphe'i' Ritte'r pointi'd out the' antiiiuity of the 
art of heiok printing in the monasterie's of the' Liunas,' no he'aelway, it 
see'ins. has he-e'n made' in tixing the' date's of the' e>l<i 'rilx'tan prints, as 
the pe'i'sons me'iitione'd in them as the printers oi' patreens are othi'i'wise 
unknown. Ae e'eu'ding to the' history eef Huelelhi-m in ^lemgedia. trans- 
lateel hy Iluth." the tir^t Tihcta.n copy of the Kanjur and I'anjur was 

"In adilitiou tw the literutiire nie'iitii'ne'il ahnve, nii calico jirintinj; 

Forre'V, Hie /eii"dnickt' der hy/antiiii'-i'hcn. roiiiaiiisi'hen. 'jotisclieu uiul seeite'i'en 
Kunstepot'heii, Strasshurv. lst4; Karahacek, Kulirer ileiri'h dii' Aiostelliiiii; i Papy- 
rus Erzlierzo'j; IJaine'D, Wien. 1S!I4. ]ip. '22s,'2'’9. 

''Satiiw. ( In the e'arly hi-.tory of jirintiniX in .lapau; Traiw.ectiojc ot the Asiatic' 
Society of .Tajiaii. vol. x Yokoliaiiia. IsS'i, p. 4Sff. 

' hwaiiko /att'hi'i und Kokoku sliohatsn. 

'nteproduced in Sliiuko zi'shin. vol. i. 

' F. II., <)ld Cliiiu'se liooks: .loiinial of the (’hina hrauch of the Uo\al .tsiatic 
.Society for the year IS.s.'i, New Serie-s, vol. xx. Shanghai, Is, Mi, p. 

.e' Frdkunde, I’d part, L’ hook: .V-ie'n, vol. 1, 2d e'd., I’.erlin, ls:;2.p|i, 744-74-''. 
a 'Jies-nied naiii-iiik'a au.s deni Tihetise'heii heraus"eve'heii, iihersc'tzt uiid erlautert 
\ on < ieoi'c llutli, ii. Stra'shurv. l.s;il>. p. lei.'); coiii|i. Ko[ipeii, Die UeliL'ion ih"- Dudilha, 
ii, p. 277: "Tihct i". like' eierniaiiy ami China, a land of hooks. Much i- hein'.r 
I'l'inti'd tlu'rc and it ha~ 1 ii'C'U 'o a lonv time hack, for the' in'intinv prc's' has hee'U 
known to the iuhahitants of the siiou kin'jdoiii [M'l'haps since the T'aira' denastv 
undi'r which it was invt'iiti d i-.i China, hnt ct'i'tainly sine'e the' Aloinrol period — that 
i', at lea't two centuries helore it was known to the Europeans.'’ 
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printed in Tiljet during the reign of the ^longol King Fdyunt 6 Khun 
(ISll-ldl'.i). It contiiins the aceount of a pious man who eiiiigrated to 
Mongolia and there became prie.st of the ruler mentioned above. '■ He 
sent from Mongolia a larg(? (juantitv of perquisiti's for the printing of 
the bKa- gyur and the ])sTandgyur, but particularly a small l)ox full 
of Chinese blacking. The J^ama rejoiced over it. Bloghsal of dBus 
and others printed with tin' plates thus sent the bKa-'gyur and the 
bsTau- gyur at T"ugs-k"u and recommended the placing of these copies 
in the Manvughosiia temple at sXar-t'an. After that the copies of the 
Kagyur and Tan-gyur became very abundant." 

( )f the further spread of })rinting in the Occident nothing ivas known 
until a few years ago. On the other hand, it was well known that the 
Islamic Orient for a long time opposed tlu' introduction of the printing 
press. Their opposition was founded on the appi'ehension — not olh- 
ciallv acknowh'dged — that the hog.C bristles, which the iMohammedans 
always suspect in the brushes used for the cleaning of the types, might 
touch in the type the name of Allah. Even at present the Koran is 
not being print('d in tht' Orient, and lithogi'a})hy is generally given 
the i)reference, and the iMoslem prints by reason of the imperfect clean- 
ing of the types are much inferior to those of the Jesuits in Beyrout. 
In Constantinople a printing establishment t-ame in existimce only in 
1727 in consequence of a hatt-i-shcrif of the Sultan Ahmed HI." The 
accounts of the Euclid in .Vrabic, suppos(‘d to ha\ e been printi'd in the 
sixteenth century at Constantinople.''' rests, as I hav(' been able to ascer- 
tain in the libraiy of the Deutsche Morgenliindische Oesellschaft, on 
an erroneous interpretation of the statements on the last leaf of a folio 
edition at Rome in ChH. 

Great, thered'ore. was the surprise when the Eayuni lind brought to 
light thirti’ Arabic plate prints from Egypt btdonging to the tenth 
Christian century, two of them perhaps e\ en to the ninth century.'' In 
the excellent Fiihrer (lurch dit; Ausst(dlung (guide to the exhibit) 
Karabacek declares, page 247. that •' they are. as regards the cut of th(> 
forms and the in’occss of printing, perfectly identical with the Chinese." 
But I must contradict him when In* goes on to sav, ■■Thus our col- 
lection preserves the oldest prints in the world so far known." for. as 
1 have shown above, older Japani'se prints were tlnm known. The 

'M)f tlu‘ }>rint'« of oldest Turkisli pn*ss tho rnivernitv JHbniry at IbrlauhTcn 
a (U-scriptioii of AinDri<*a under tlie title of ’‘Tarikh al-Hiiid al-^hari'i 
al-inu>aiHnKi bi-haditli'i-iuns , Kaina’an, 1 142 A. 11..” the Idbrarv of the Dcatr-ciu' 
Mor^H'iilandi^che < lo'^ellxdiaft XaziiiizadeV Turki.-^h translation of Tlin 'Arabf^chahV 
Tankh-i-Tiinur ( 4' the same \ ear, as, also, i Uulji Khaifa's Taitu im at-taw arikh <)f 1 14t) 
A. n., and I jier'onally havt* the tiranuuain* Tunjiu* ni 17o0 A. Ik 

Dibbln, -Kdt'S Althoriiiaiia*, vtd. 1, London, 1S22, 127. Lnclidt^s. Arabice. 

(’on>tantiuop., loSS. lieautiful lari;«M‘opy of a vt^rv uneomnion (‘(Ution.” ^ 

Conij). (irae'se, Tivsnr, ii, [>. 515. 

'‘Comit. Osterreichiselie Moiuitssehrift fur den Orient, vol. Ki, IShO. p. 167. 
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Arabic docuiiieiits at Adcniia are partly printed black on white, partly 
white on black; Ao. y2!t is printed in red. In one case (No. 941) there 
are Coptic characters in addition to the Arabic. They are without 
any value a^ rc'cards their contents. A planted piect' of the Koran, 
reproduced by Karabacek in the Fiihrer, page 248. shows that the 
Mohammedans were not then prejudiced in this respect. 

Th(' historical continuity of printing can not be proven with the 
same certainty as that of the use of paper. Still, to show that the 
knowledge of printing on paper remained alive in the Orient, the fol- 
lowing witnesses can be adduced. According to Karabacek. who 
refers to Abu Shauia's Kihlb ar-raudatain." the compulsory bank 
notes, each of one dinar, issued in 1147 in nortlu'rn Syria, wi're pro- 
duced by plate printing, and in the paper money printing bureau 
established in 1291! A. D. at Tebriz the work was carried on after 
Chinese patterns.''' Furthermore, the Ihu'sian historian Rashid-ed-din 
(died 1318 A. D.) gives a description of the Chinese jiroccss of print- 
ing.' IVe learn from this description th<' interesting fact that at that 
time editions of a certain number of copies were not printed, but the 
jilates were kept under lock in the librarii's. Anyone who wished to 
buy a book went thitlnu' and had an impression made. The tadtural 
value of the edition should not hi' underestimated. 'I'hus. for instance, 
th(‘ importanci' of book printing for the Kidoi’ination would have been 
much impairt'd by the old Chiue.se proce>s of multiplying. 

As long as paper had to Ix' imported into the Occident it could not 
be chi-ap. bi'cause of limited means of communication in the ^liddle 
Ages. From Wattenbach '' we learn that in (huanany. at lea-t. the use 
of paper becamt' mon' general only after the fourttandh eentury. 
After paper production was (“stabli^hed in the Occident we observe 
here, as among the Chinese and tht‘ Aral>s. that printing followed in 
its train.' 

The ^tt'p from ])rinting from plates to that with movable types was, 
with our ])honetic system of only two dozen signs, still less a feat of 
genius than the invention of the {)rinting ]>rocess at hirgc. In the 
Wegweisser dundi das Germani.sche INIuseum. Nuremberg. 1901. page 
147. the followiiig passage occurs: ••In recent time some think thev 

" I’rintcil at Cairn 12S7 A. II. = 1S7()-71 .V. 1>. 

Karabacek, Neue Entileckiiniren zur (tescliichte des Paiiiers ninl Itmckes: 
(bsterreichische Ml matssclirift fur den Orient, vul. Ifi. ISHO. jip. l(iVd70. 

' Ccinii. .M. .1. Ktaiirnth. T.ettre a iM. le nanui A. de Ihnnboldt sur rinveutiou dc 
la bimssiile, Paris. ls:t4. pp. lol-KC. 

'' Schriftwesen ini iMittelaller. od cd., ji. 149. 

' Conip. T. (). d'eieel und .1. Zesteriiianij, Hie Aiifanee der Druckerkuust, 2 vol- 
umes, Leipzig, IStili: Kataliig fnihcster Krzeugnisse der I )rnckerkun~t der T. O. 
tVeigel'sclieii Saiuiiiliing, Leipzig, 1S72; A. E.ssenwein. Alte.'te Druckerzeugiiisse ini 
( ienuaiiisclien Museiiin. .\nzeiger fur die Kunde der deiit.selieii Vorzeit, Nuremberg, 
lSi2, enluiiin.s 241~24.S; AV. T.. Selireitier, Vorstufen der Typographie: Outenberg- 
Festsehnft, Leijizig, 1901), p. liO ff. 
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have found proofs that the Komans of the later periods of the Empire 
were acquainted with the art of printing- with movable types, or that at 
least attempts in that direction were then made." 1 could find no light 
on this })aragraph which is apt to stir up the emotion of the visitors. 
The stat('ment is made in such a timid manner that one suspects it 
could stand the test no better than the analogous assertions discussed 
above. Ihit it is true that ( Jutenberg was not the tirst in the Occident 
to coiiceive the idea of printing with movable types, for initials, 
prefixed letters, si'cm to have been early in use." and the Dominican, 
Conrad Forster, born at Ansbach. was employing movabh' types at 
Nuremberg })etween 1487 and 1457 in bindings, copies of which are still 
extant at l^eipzig. Nuremberg, and Wur7d)urg.'' Chinese sourt-es name 
as the inventor of ]irinting with movable types of clay the smith 
Pi-Shiing between ln41 and lo4!t A. D. ' d'hough we have no positive 
indications of a migration of this art to the West, still there recently 
canu' to light books in East Asia which had b(>en printed with movable 
ty})es long before Gutenberg. The oldest east Asiatic print from types 
vhicli -Satow personally examined dates from the i)criod between 1317 
and 1324: whether it is of Korean origin or Chinese can not be decided 
with certainty.'' In a supplement to his study just referred to Satovv 
di'scribes Korean books printed from metal ty])es.' which furnishes 
another proof for the priority of printing from types in East Asia. 
One of these. print(‘d in 14o‘.t. contains, in an epilogue, an important 
contribution to the history of type printing, for in it the King of 
Korea relates how. Inn ing i-ecognized tlie inade([uacy of printing from 
wood plates, he had for the pres(>i-vation of liti-rature ordm-ed the 
manufacture of copper types at his personal expense and that of his 
court and not at the expense of his subjects. The memorable ('pilogue, 
which is datt’d ladwecn December 14, 14u;i>, and January 12, 14(t4, 
closes with prayei's for the future })i-osperity of the undertaking. 
vStill. even this most important of all human inventions could not 
thrive in its own home, since the Chinese ideographic writing re([uired 
such a large mass of tyj)e material that it almost outweighed the advan- 
tage's of tin' inno\ ation. Oedy through our Semitic phoiu'tic alj)habet 
could tin' idea becoiiK' the factor in civilization that it now represents. 

" Sclirfilu'r, < ■iiTc'nln'rj.'-Fi-stsclii ift, ]i|i. (iV-US; Wattciibiich, nji. cit., p. L’lill. 

"('(imp. I•’ranz Falk, Di-r Stcnipclilnn-k \(ir < UitcntH-ri; uml Stcnijielilrnckc in 
DfUtM-lilanil; ( iutcntici-<;-Fi-st^i-lirift, jip. 7:!-7!l, 

' ('limp Stanisl.is .) ulii'ii, I kiciimciits siir ran (I’imprimcr a I'aiilc dc planclics cn 
liiii.'i, lie planclics cii jiierrc et de t_\ pcs mubilcs, iiivcntc cnCldnc liiiw'tcm]>s a\ ant 
(|iic r I'lnriipc ('ll lit usacc; c-xtraits d(‘s livres cbiiniis; .biiiriial .VsiatiijiU', iv, b, I’aris, 
1S47, p. rd Iff. =( '( iiiijitcs I'cndns di‘s seances dc !’ .tcadi'mie des Sciences, Tnme 21, 
Paris, 1S47, p. inn.'iti'. (Tbe ( 'bin<"e t\ jies are' s;i\en in llic .buirnal .VsiatiijiU' only. 1 

"Comp. Tran.'actidii- ot tbe .\siatic Seciety of .lajian X Ynkniiama, 1,SS2. ji. (ill. 

' Fnrtber notes on movable tyjies in Ivijrea and early Jajianese printed books, 
ibid., Jill. 252-2.ib. 
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If \vc now pas.s in ivviow the prccedinjf disquisitions and recall all 
the "I’oat world-transforming eonsequenees of those achievements 
which we. without question, owe to the Orient, we shall have to 
acknowledne that they form the presnpj)ositions of a very important 
part of our mental life. Of course, our civilization is for all that 
no more oriental than antique. Kach j)eoplo lives its own life of cul- 
ture; oidy impulses come from the outside. To o’ain a ri^ht estimate 
of theii’ importance we must not allow ourselves to he misled hy 
enthusiastic phrases, hut. standing- on the solid irround of facts, 
invcstisiate how far the effect of the impulses reach. ])articularly 
whether they touch only a caste or tlie mass. While Hellenism did 
not reach the pimple — a (ireek name in a jiopular sonq' would at once 
characterize it as not j>’onuinc" — hut continues its exi.stence chieHy 
within certain scholastic circles, the usefulness of the compass, apart 
from indirect ways, directly benctits tin* entire seafarin<i population, 
and the advantaoes of explosives are a])preciated hy every soldier, while 
writino and iirintinn- may he considered as the common property of 
all mankind. 

We do not cultivate the languages of the Oiient liecause of the 
mighty influence of its people over th(‘ Occident in centuries past, hut 
because we hope from these studies there ma}' come even greater 
benefits in the future. As Humanism once meant a considerable 
widening of the mental horizon, so it means at iircsent for our state 
of civilization an artificial narrowing, having crystalized into a cold 
classicisin'' and, according to the well-known law of human devi'lop- 
ment, rcsemliling in many respects the old scholasticism which it once 
coiKpiered. But we expect, analogous to the Humanists, that our 
science, after removal of certain external obstacles which of late have 
hindered its progress, will have the mission, in union with other 
sciences which are more and more being developed from decade to 
decade, to deliver mankind from a one-sided world view and to give 
it hack the understanding for the beautiful m all its manifoldness. 

"Entirely erroneous is the theory [iroiiouniled at present that popular poetry 
arises solely from the more or less leanieil class. Wliere is the art form of the 
drawmg-rooin Irom which, for ni.“tance, the popular ditties f'Schnaderhiipfer’ ) 
could have developed? There is only so much truth in this theory that no hard and 
last lines can he drawn between both, and that they freijueutly intluence one another, 
though the really good comes more often from below than fioin above. 

'' The enrichment through subjective assimilation ol foreign elements is the latest 
jihase of ile\clo[iment which is as yet in its beginning. 

SM 1902 31 
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l>y Thomas 11. Mkans, 

Jn rlntnii' of I'niti'd SUtit's >SV>f/ Surti-jf, Jh’purinnni of 


Eo-ypt luis j)r()l)iilily fiiniu'd for ovrr st'vcn thoiisiind y('ars. 

Until the pn‘>rnt contiuy {)racti<-ally all the farming done Mas by basin 
irrigation, which system consists in Hoodinif larye areas of land siir- 
round(>d by dike's with water take'ii from tin' Nile River dtirino time 
of hood. Tlu'se Itasins vary in size' fre>ni le's> than 5 acre"- to eever 
acres, and in a neermal tieneel ye'ar are* tilh'el with Mate'r tee an 
ave'raei-e' eh'pth eef 4 fee't for a pe'rieeel eef abont six we'e'ks. afte'r which 
the' water is druineel away and the seed sown in the newly elepeesited 
muel without cultivatieen. Such a system of ii’rijtatieen is very waste- 
ful e)f water atul permits the wrorvth e)f l)ut one crop pe'r year. 

Abeeut iN'in Meehamme'd Ali. the re'ie«ning viceroy, starte'd a niove- 
nu'iit which has almeest revolutieenized the- aeriemlture of Eg'ypt. He 
due' canals from the' Nile, so that water could be had for irrigation 
threaiehout the ye'ar. pe'rmittine- the' growine- of such creeps as cotton, 
which weadel met matiiie under basin ii rigatieui. anel. what is more 
important, e'naljling twee and sometime's three' creeps to be' grown each 
year. To-elay. eef the' (e.i'.'eO.OOO ae-re's eef arable' land in Egypt, h'ss than 
2.000. emu acre's ai-e' watered by the' ancient basin system. 

While' this change' is meere economical eef water it necessitates a 
more unifeerm supply thieeugheeut the- 'Oaseen. The Nile can always be 
depe'iided upeeii to supply te.eMio cideic feet per seconel, but for the 
cempih'te' de've'leipment of the' meeelern or perennial --y'te'in eef irrigation 
at least ;t0.ooo cubic feet ])er second are needed thioughout the vear. 
During tleiod seaseen the Nile freepiently discharges from SU'MJOO to 
500, nem cubic fi'i't per se'cond. 

To conserve' this tlemd supply for use during seasons of low water, a 
system of storage' dams and re'gulateeis at varienis peunts on the Nile 

"Kepiiuti'ik liy periiiis'mii, Iniiii Forestry anel Irrnration, Wasliiiiiiton, D, C., 
Vol. VIII, No. 12, Dcceuitici, 1W2. [Foriiially Uedicateil Deceniln'r 8 — A new type 
of structure eehah may mark an epo<-h in irrigation I'n^nieeruiy— Photos furmsheil 
by the author through courtesy ot the Egyptian Government.] 


5:il 
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has l)een planned. As early as the time of Mohammed Ali this plan 
was under consitleration, but it was not until Mr. W. Willeocks was 
appointed director-eeneral of reservoirs that the storage of water on 
the Aile was thoroughly considered. 

In isyu Mr. Willeocks presented a report on the subject to the 
Egyptian Government, in ISb-i issued a second reiJort, and in ISlty a 
final report, with plans and estimates. The central feature of this 
system of flood control provides for a dam aiu’oss the Nile at the head 
of the tirst cataract, or 5 miles above the town of Assuan. In 1S!J8, a 
short time after Mr. Willeocks had left the service of the Egyptian 
Government, contracts were signed by Sir John Aird A Co. for the 
con.struction within five yeai's of the A.ssuan dam. upon the plans pre- 
pared by Mr. Willeocks. Sir Benjamin Baker acted as considting 
engineer, and Mr. Maurice Eitzmorriswasaj)pointed resident engineer. 

The dam as completed during the present summer conforms almost 
throughout to the plans of Mr. M'illcocks. His original plans pro- 
vided for the construction of a dam following the line of soundest 
rock across the stream, with UU undersluices having an area of 21,500 
square feet, or sutEcient to carry off the maximum floods of the river. 
In the plan of 1801, lOO undersluices were provided of the same 
capacity. In the tinal design there are 140 undcrsluices, each 23 ly 
feet, and 40 at a higher level, llj by 04 feet, giving a sluiceway of 
24,00O square feet. 

The question of the height of the dam involved a vexatious problem: 
the island of PhiUe. which lies just above the cataract, contains 
some of the best preserved temples and buildings of ancient Egypt. 
INIr. ’Willeocks’ plan of a dam, 100 feet above the zero of the Assuan 
gage, with a capacity of 85,000,000,0on cubic feet of water, would 
submerge these temples to a depth of 20 feet for a portion of each 
year. In his book upon the dam, i\Ir. Willeocks says: "‘The Inter- 
national Commission held widely divergent views about I’hihe temple. 
M. Boulc I’efused to have anything to do with a project which in 
any way deranged the temple. Signor Torricelli said that he had 
been asked his oi)inion about the dam. and about the dam he would 
give his opinion, regardless of temples and anticjuities, which were 
outside his ])rovince. Sir Benjamin Baker proposed raising the whole 
tenq)le, like a great Chicago hotel, chain above the high level of the 
reservoir. Savants and antiipiaries, and many who were neither 
savants nor antiquaries, but to whom Phihe off ered an eas\' opportunity 
of obtaining notoriety, all joined in the fray. Eventualljy in a moment 
of great weakness, the Egy ptian Govi'rnment, buoyed up by a suc- 
cession of good summers, accepted tlic lowei’ing of the level of the 
re>ervoir, so that only a jiart of Phihe tenqile should be drowned. 
The new rt'servoir level was to be 2t! feet below that hitherto proposed, 
and the capacity of the reservoir was to be reduced from 85.000,000,000 




The Assuan Dam in Course of Construction- Filling in the Excavations with Masonry. 




At Work on the Superstructure the Dam Nearing Completion 
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to 35,000,000,000 cubic feet of -svater. Fortunately the conditions of 
stability laid down by the International Coniniis.sion on the initiative 
of Signor Torricelli were so severe that 1 was able to design a dam 
nominally capable of holding up 35,000,0(K).()00 cubic feet of water, 
but actually strong enough to hold up T0,o<io,( 100,000.'’ 

The dam is located 5 miles south of Assuan, or about 550 miles south 
of Cairo, at the head of the first cataract. At this point the Nile falls 
about 10 feet in I miles, the bed of the river being granite rock. The 
fall is so slight that the cataract through most of the year is practically 
no more than rapids. The Nile boats go down the rapids and are 
towed up at nearly all stages of the river. 

The dam is almost exactly one and a (piarter miles long and has a 
maximum height above the foundation of 147 feet. The foundation 
was laid upon solid granite throughout. The rock was decomposed to 
a great depth; in some cases as much as 45 feet were removed before 
solid rock was found. This large amount of excavation increased the 
actual cost of the work beyond the original estimate. No drill hole.s 
were made in the unde ri ving rock before the work of construction 
was commenced, so that the information upon which tlu' original esti- 
mate was made was not as complete as it might have been in this 
respeet. The dam is 23 feet wide at the top and allows for a roadway 
13 feet wide, on which is laid a narrow-guage track. The rock is 
granite, quarried near by, and laid in Portland cement. It is said that 
tiuo.ooo barrels of cement were used in this masonry — an ordei' suffici- 
ently large to materially affect the market value of cement in England. 
It is interesting to note that although the volume of masonry is very 
large, yet it approximates only one-fourth of the cubic contents of the 
Great Pyramid near Cairo. 

The building of the dam was rendered especially difficult by the 
high ffoods which annually come down the Nile. T'he normal tliffer- 
ence in level between high and low water at .Vssuan is 3S feet, and 
work could be carried on to advanUvge only during low water. 

To expose a portion of the riv('r bed, dikes were built, and tlu' ])or- 
tion of the bed thus laid bare was excavated to solid rock. Thi' foun- 
dation was then built -up to about normal Hood level, and a new portion 
of the bed dried. In this manner the foundation was conq)leted across 
the river, and later the superstructure was added to the desired height. 
As will be set'll by the aceompanving illustrations, there was a great 
deal of hand labor, as many as i2.0uo workmen being employed at one 
time, about one-tenth of whom were skilled Italian masons. 

The sluices are arranged in tiers at thri'c levt'ls. Iron gates of the 
8toney systt'in. running on rollers in stet'l groovi's. permit the tiosing 
or opening of all the sluices in a verv few moments, the gates being 
suspended on steel wiri' cable and falling bv their own weight. The 
winches are operated by hand. A few of the sluices are lined with 
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iron, but the greater number are lined with dressed granite blocks of 
large size. 

Around the western end of the dam a ship canal 32 feet wide, with 
four locks, has been completed. This canal added veiy materially to 
the total cost of th(' dam. The gates in the canid are said to l)e con- 
structed on plans drawn for lock gates on the proposed Nicaraguan 
Canal. 

The sluice gates in the dam are opened during the first part of the 
flood season. In this time the muddiest part of the flood passes 
through the dam. As the river commences to fall — and fortunately 
the water carries much less sediment at that time — the gates arc 
gradually lowered. As the flood subsides, a portion of the wider is 
thus held up. and when the season of low water arrives, with its con- 
sequent scarcity in the perennial canals lower down the river, the 
reservoir is full. Then the gates are .slowly opened, and as the river 
continues to fall the re.servoir supph' is drawn upon and the flow' 
downstream from the dam maintained sutiicientlv to irrigate the 

V O 

desired iicroiige of land. The flow out of the dam is arranged so find 
the reservoir will be empty and th(' gates of the sluices open w hen the 
flood again comes down the river. There are no canals of large size 
tiiken from the river near the dam, so the water which is storc'd is 
turned into the river and taken old again farther dow n the stream. 

By this system of managing the gates in the sluices, it is hoped to 
allow' the greater part of the muddy water to go below the dam and 
to store the clearer wahu-s of the later part of the flood. Tlit'se later 
wati'rs are known to be much clearer and to carrv a sediment which 
will remain in suspension for a long time; yid the problem of silt in 
this reservoir is a serious otu* and the results which are obtained from 
this t\'pe of dam will be watched with interest by American irrigation 
e.xperts. 

The reservoir as now completed has a capacity of SOO.oou acre-feet, 
or. according to Mr. Willcocks. enough water to irrigate tioo.oiio acres 
of cotton and sugar cane. As has been stated, this water is not to be 
us('d for the e.xtension of the irrigated area in Egyiit, but is intended 
to be u.sed in extending the area of perennially irrigated land at the 
expense of the area under basin irrig.dion. 

1 h(! cost of the dam can not be stated accuratelv. The original 
estimah' was but this sum was exceeded. The total cost 

to date is between the above sum and ^'li'.OOO.OOO. making the cost 
about S12.5U per acre-foot. The value of this water to Egvpt is said 
to be $l()O.()()O,()0(l. or ten tiiiK's the actual cost. 

1 he Assuan dam is but one of a largi; numbm' of engineering works 
planned for the complete subjugation and control of the Nile. It is 
hopetl to build weirs and controlling works on tin' Nih'at a number of 
points above Assuan for the irrigation of desert land in tln^ .'''udan and 
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Central Africa. Below As.saan a weir has already been built at xVssiut 
and ((tie is under construction tit Zifta. These weirs are designed to 
rtiise the level of the Mile at low water to till thi' irrigating canals 
itlready in operation or to be constructed. As a safety valve, to let 
till' highest and destructive floods escape, a plan is under consideration 
to construct a canal to Wady Rayan. a depression in the Sahara to the 
west of the Nile Valley, tincl drain into it the excess of water which 
would otherwise damage Middle and Lower Kgvpt. 

To again quote from IMr. Willcocks: 

“The Assuan dam is a work of a type designed for the conservation 
of the Hood waters and whiclt is new in tin' world. If successful it 
will mark an (‘poch in dam building, 'rhere must be sites on the tor- 
rential rivers of the arid and semiarid regions of .'south Africa, Au.s- 
tralia, and North America, where dtims of the type of the one. at 
Assuan will supply a want wdiich has long been recognized. 

"A reservoir dam. which will allow the earlier floods laden "with 
deposits a free and unimpeded (lassage and which will afterwards 
c'aptivate the comparatively clear waters of th(> terminal inundations 
and early percolution.s and store them for subseiiuent use. ought to put 
new life into many abandoned projects for perennial irrigation. But 
the provision of perennial irrigation is not tlie only ohj(>ct for which 
this type of dam may be omployi'd. Provided with its numerous Hood 
openings, it may lie looked upon as ti wi'ir capable of controlling tlu' 
mightiest rivers in Hood just as ordinary weirs control them in times 
of low sui)})ly: it lUiiy thus be utilized for the n'gulation of flood sup- 
plies of rivers and for their employment in basin or inundation irriga- 
tion. .Vs di'signed for .Vssuan, its use is ri'^tricted to --ires where 
broad platforms of sound rock can 1 h> counted upon, but designed in 
‘ beton armee' or 'ribbed concrete.' 1 hope to see it utilized in 
narrow gorges and throttled valleys, where t‘e<» will go as far as t.au 
in a broad platform." 

Unfortunately, in America the characteristics of our rivers, their 
Hoods and the amount of sediment carried, are not as well, known as 
thev should tie; but I'ach year adds volumes to our knowledge of the.se 
stri'ams. and by the time any extensive system is to be ])ut in otH'ration 
our knowledge will be much more complete. 
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By WiT.i.TVM II. Bi rr. 

Th(‘ PiiiiaiiRi I'outo as a lint' of transit affo^s tin' Isthimis was pstaB- 
lished, as near as pan 1)p tli'tonnini'd, Ix'twt'i'n lalT and ddip 

tiist scttlpnipiit, at thp site of tlit' town of old Panama. G or 7 milps 
pasterly of tht' prPsPiit city of that nanip, was Itp^iin in ,Vu>;iist. lalT. 
This was thp Pacific end of tin' lint'. T'hp .Vtlantic t'nd was finally 
established in 1.71i» at Xonihrt' tit' Dios, tin' inort' easti'idy port of Acla. 
where Balboa was tried and t'.xccutt'tl. bavin”' first ht'pn si'lected. hut 
suhsetpiPtitly ri'jpcted. 

The old town of Panama was madt' a city by royal tlpcree frt)m tht' 
thront' of Spain in St'ptemhi'r. Ih-il. .Vt tin' sanu' timt' it was yivt'n a 
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co;it of arms, and special privileo'Ps were ettnferred upon it. T'he 
courst' of travel tht'ii cstahlisln'il ran by a rtiad. well knttwn at thi' 
present time, thrttugh a small place calletl Oruct's on the river Cha,”r('s. 
about 17 milt's distant from Panama. It must havt' been an t'xcellent 
road for thost' days. Brid”'es were even laid across streams, a.nd the 
surface was paved, although prt)bably rather crudely. .Vccording to 
some acct)unts it was only wide enough fttr use Ity Iteasts of burden, 
but somi' have stated that it was wide enough to enable two carts to 
pass each other. 

The harbor of the Atlantic terminus at Xombre de Dios did not 
prove entirely satisfactoi'v. and Porto Bi'llo. west('rly of tin' former 

” Tfeprinted, )'\' p”rMiis^i”ii. fo'Mi ".\in ii-nt ainl ^foilera taiLriin’crin” ami The 
Isthniiaii Canal,” by Willunn 11. riitrr, — urni civil emjinceriu” in t'nlunibia 
Tniver.'ity, Xew York. Pulili~heil by .h>hn Wiley i*!: Sons, New York, Copy- 

ri”ht, laOo, by William U. Jlarr. 
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point, wa.s made the Atlantic port in lohT for this isthmian line of 
transit. The harbor of Porto Bello i.s excellent, and the location was 
more healthful, although Porto Bello itself was subsequently aban- 
doned. larg'i'ly on account of its unliealthfulness. 

As early as l.")3f:. or soon after that date, boats Tiegan to pass up 
and down the Chagres Kiver between Cruces and its mouth on the 
Caribbean shore, and thence along the coast to Nombre de Dios and 
subs{‘([ueiitly to I’orto Bello. The importance of the commerce which 
s])rang up across the isthmus and in connection with this isthmian 
route is well set forth in the last paragraph on page of the Peport 
of th(> Isthmian Canal Commission: 

The commerce of the isthmus increased during the century and 
Panama became a place of great mercantile importance, with a profit- 
able trade extending- to the .'spice Islands and the Asiatic coast. It was 
at the height of its prosperity in lo'-io. and was called with good naison 
the tollgate between western Europe and eastern Asia. INIeanwhile 
the coinmtu-ce whose tolls only brought such benefits to Patiama. 
enriched Spain, and her people were generously rewarded for the aid 
given by Ferdinand and lsil)ella in the effort to open a direct route 
westward to Cathay, notwithstanding the di.sadvantages of the isthmian 
transit. 

This commercial prosperity sugge.sted to those interested in it, and 
.soon after its beginning, the possibility of a ship canal to connect tlui 
waters of the two oceans. It is stated even that Charles V directed 
that a survey sliould be made for the purpose of determining the fea.si- 
bility of such a work as early as 1.52o. '"The govtu-nor. Pascua! Anda- 
goya. reported that such a work was impracticable and that no king, 
however powerful In' might be, was capable of forming a junction of 
the two seas or of furnishing the means of carrying out such an 
uiuh'itaking." 

From that time on the city of Panama increased in wealth and popu- 
lation in conse(iin'nc(M)t' its commer<-ial importance. Trade was estab- 
lished with the west coast of .South America and with the ports on the 
Pacific coast of ('(uitral America. In spite of the fact that it was made 
by the .'-Spaniards a fortress .second in stn-ngth in Amei’ii-a only to old 
Cai'tagena. it was sacked and burned by .Morgan’s buccanems in l-('i)- 
ruarv. 1(17 1. The new' city, that is. the present (-itv. was founded in 
Ibid, it not being consid(>red advi.sable to rebuild on the <dd sltin 

The proJe(-t of a (-anal on this route was ke{)t aliv(' for mor(' than 
three centuri('s by agitation .sometimes a(-tive and sometimes iippar- 
I'utly dying out for long periods, until there was organized in Paris, 
in isTb. a (-ompany entitled '• riociete Civih- Internationale du Canal 
lnteroc('>ani(]ue,” with (Jen. Etienne Tiirr as president, for tin' purpose 
of making surveys and explorations for a ship canal betw'een the two 
oceans on this route. 

The work on the isthmus for this company was prosecuted under 
the direction of Lieut. L. N. B. M \'se, a French naval otlicer, and he 
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obtained for eoiupany in 1878 a coneos.sion from tin' Coloml)i:in 
Government, eonferriny the' re«jui.site rio-lit> and j)rivileyes for tin- 
constriietion of a ship canal on the Panama route and the authority to 
do such other thinys as miyht 1)(' nocessai'v or advisahh' in conin'ction 
vrith that project. This conca'ssion is ordinarily known as the 77'yse 
concession. 

A ye'iieral plan for this trans-Isthinian canal wa-- tht' siihji'ct of con- 
sidi'iation at an interiuitional scieni i lie cony ix'ss com t'lu'd in Paris in 
May, iST'.i. and composed of lo.") deleyatcs from France, (ii'inuuiy. 
Great Britain, tlu' I'nited States, and f>th<‘r countries, but the major- 
ity of whom were French. This conyrcss was coma'ia'd under the 
auspices of Fc'idinand de Lt'sseps, aiul after remaininy in sosion for 
two weeks a decision, not unanimous, was reached that an inti'rna- 
tional canal ouyht to la' locat<'d on the Panama rout('. and that it 
should be a sea-level canal without locks. The fact was appan'iitly 
overlooked that tin' ranye In'twecn liiyh and low tides in t!u' P>ay of 
Panama, about 20 feet, was so yreat as to require a tiilal lock at that 
terminus. 

A company entitled "Gumpaynie Gniversello ilu Gtmal lnt('rocea- 
ni([ue" was oryaiuzed, with Fei'dinand de L('sse])s as ]nesident. imme- 
diately after the adjournment of the international conyress. The 
purpos(' of this company was the construction and opi'ration of the 
canal, and it pun'liased tin' Wyse concession from the oriyinal com- 
pany for the sum of lo.ouo.oOo francs. An immediate but unsuccess- 
ful att('mpt was matle to finance the company in Auyust. IsTO. Tliis 
iK'cessitatc'd a second attenq)t. which was made in Dt'cembc'r, isso, 
with succt'ss. as the entin' issue of (JOO.ooO shares of .')(•(» francs each 
was sold, d’wo years w('re then <h'Vot('d to examinations and survevs 
and preliminary work upon tin' canal, but it w as iss:! before opi'ia- 
tions upon a larye scah' weia' beyun. TTie plan adoptt'd and follow ed 
by this company was tlnit of a s('a-h'V('l canal, ati'ordiny a depth of 
2b. e fe('t and a bottom width of 72 fec't. It was estimated that the 
necessary ('xcavation would amount to l.')7.nno.(Mi(» cubic yards. 

T'lu' Atlantic tt'rininus of this canal I'outi' was locaterl at Golon. and 
at P:inania on tin' Pacitic sich'. 'I'he line passi'd throuyh tin' low’ 
yrounds just north t)f iMonkey Hill to (Tutun. (! miles from the Atlan- 
tic tc'rminus. and wln're it tirst met the C'hayr('s Uivi'r. For a dis- 
tance of 21 miles it followed the yencral course of the Ghayres to 
Obispo, but left it at the latter 2 )oiut and passiny up tin' valley of a 
small tributarv cut throuyh the continental divide at Gulebra. and 
tlescended tln'iice by the valley of the Kio Grande to the mouth of 
that river where it enters Panama Bay. The total lenyth of this line 
from 3i> feet ih'pth in tin* .Vtlantic to the sann' depth in the Pacitic 
was about 47 niih's. Tlu' maximum heiyht of the continental divide 
on the centt'i’ line ot the canal in the t uh'bia cut was about .>.>.> fi'et 
above the sea. which is a little hiyher than the lowest point of the 



540 


THE PANAMA ROUTE FOR A SHIP CANAL. 


divide in that vicinitiL Iinj)oi-tant considerations in connection with 
the adjacent alignment made it advisable to cut the divide at a point 
not its lowest. 

\"arious schemes ivere proposed for the purpose of controlling- the 
flt)ods of the Chag-res Eii’er, the suddenness and magnitude of which 
were at once recognized as among the greatest dilBculties to be 
encountered in the construction of the work. Although it was seri- 
ously proposed at one time to control this difficulty bj' building a dam 
across the Chagres at Gamboa, that plan was never adopted, and the 
problem of control of the Chagres floods remained unsolved fora long 
period. 

It was estimated })y De Lesseps in 1880 that eight years would be 
required for the completion of the canal, and that its cost would be 
^ll!7,t;()0,00o. The company prosecuted its work with activity until 
the latter part of 1887, when it became evident that the sea-level plan 
of canal was not feasible with the resources at its command. Changes 
were soon made in the plans, and it was concluded to expedite the 
completion of the canal In' the introduction of locks, deferring the 
change to a sea-level canal until .some period when conditions would 
be .sufficienth' favorable to enable the company to attain that end. 
Work was prosecuted under this modified plan until 188b, when the 
company became bankrupt and was dissolved by judgment of the 
French court called the Tribunal Civil de la Seine, on February 4. ISS'.t. 
An officer, called the li(.|uidator, corresponding quite closely to a 
receiver in this countr\-, was appointed by the court to take charge of 
the company's affairs. At no time was the project of completing the 
canal abandoned, ))ut the li(iuidator gradually cui’tailed operatiotis and 
finally suspended the work on May 15, lS8b. 

lie determined to take into careful consideration the feasibility of 
the project, and to that end appointed a ‘•commission d'etudes," com- 
posed of eleven French and foreign enj>ineers, headed by Inspector- 
General Guillemain. director of th(> Kcolc Nationah' des Fonts et 
Chaussck's. This commission visited tlie Isthmus and made a careful 
study of the (>ntire enterprise, and sub.secpiently submitted a plan for 
the canal involving locks. The cost of completing the entire work 
was estimated to be 8ll2,o<)(»,tM)0, but tlie sum of ^tjii.loo.ooo more 
was added to cov('r administration and financing, making a total of 
§174,(500,000. This commission also gave an appro.ximatc estimate of 
th(' Value, of the worlc d{)ne and of tlie plant at §S7,4o0,00O, to which 
sonn> have, attached much more importance than did the commission 
itself. Tlie latter appears simply to have made the “('stimati'” one- 
half of the total cost of completing the work added to that of financing 
and administration, as a loo.se approximation, calling it an “intuitive 
estimate;" in other words, it was simply a gue.ss liased upon such 
information as had b(>en gained in coiinection with the work done on 
the Isthmus. 



THE ]'ANAMA ROUTE FOR A SHIP PAHAL. 


541 


By this time the period speeitied for (-(jiiipletion iindi'r the oriiiiiiul 
Wyse eoiieession luid ni'iirly expired. Tlie licpiidiitor then sought 
from the Coloml)ian (ioyernmeiit an extension of ten years, whieli was 
granted under the Coloml)ian law dated Deeeinber jit!. iSltO. I'hi.s 
extension was Itased upon th(' ])rovision that a new company should 
))e foi-m(>d and work on the canal resumed not later than Fehruary 2S, 
l,S!»:k The lattt'r condition was not fultilh'd, and a second extension 
was obtained on April 4, IS'.td. wliieh proyided that the ttm-year t'xten- 
sion of time grantt'd in 1S!»0 might begin to run at any time prior to 
October bl, lMt4. but not later than that date. When it l)ecam(! 
apparent that the j)ro\ isions of this last extension would not be car- 
ried out an agreement l)etwtTn the Colombian (lovc'rnmt'nt and tin' 
New ranama Com 2 )any was entered into on A])!’!! jiti, Ifoo. whidi 
extended the time of comi)letion to Octobm- bl. Idlo. I’ln' \ alidity of 
this last extension of time has been (piestioned. 

A new comjjany. commonly known as the New Panama Canal Com- 
jiany, was organized on the ji'dli of October. with a (•a])ital stock 
of doO, shares of ino francs each. I'lider tlie proyisions of the 
agreement of December 2d. ISdo. authorizing an extimsion of time for 
the construction of the canal, bo. non shares passed as full-j)aid stock to 
the Colombian Goyernment. leaying the actual working capital of the 
New Panama Company at dtt.oop.Oi'u francs, that amount haying been 
subscribi'd in cash. I'hc most of this capital stock was subsci’ib(>d for by 
certain loan associations, administrators, contractors, and othm’s against 
whom .suits had been brought in consiajuence of the financial difficul- 
ties of the old company, it haying been charged in the scandals attend- 
ing bankruptcy 2 :)roceedings that they had i)rotited ilk'gally. Those 
suits were discontinued under agreements to subscribe by the i)arties 
interested to the cai)ital stock of the now company. The sums thus 
t)btainod constituted more than two-thirds of the dn.oou.OOO francs 
remaining of the sliare capital of the new comjjany after the Colombian 
Goyernment reetdyed its brt.ooo shares. The old com})any had raised 
Iw the sale of stock and bond not far from >!24d.(»U(».U(Mi. and the num- 
ber of 2 R>rsons holding the securities thus .sold has been estimated at 
oyer ddO.ooo. 

The Panama Railroad Company holds a conce.ssion from the Colom- 
bian Goyernment giving it rights prior to tho.se of the Wvse concession, 
so that the latter could not become etfeetiye without the concurrence 
of the Panama Railroad Company. This is shown by the languagi' of 
Article III of the Wyse conce.ssion. which reads as follows; 

“If the line of the canal to be constructed from sea to sea should 
pass to the west and to the north of the imaginary straight line which 
joins Cajjc Tiburon with Garachine I’oint. the grantees must enter 
into some amicable arrangement with the Panama Railroad Comiran}’ 
or pay an indemnity, which shall he e.stablished in accordance with the 
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provision.s of law 4t). of August It), 1867. ' approving the contract 
celebration on July o. 1S67, reformatory of the contract of April 1.5, 
18 . 50 . for the construction of an iron railroad from one ocean to the 
other thi-ough the Isthmus of Panama.’" It became necessary, there- 
fore, in order to control this feature of the situation, for the old 
Panama Company to secure at least a majority of the stock of the 
Panama Ihiilroad Conij)any. As a matter of fact the old Panama 
Canal Company purchased nearh' dh.OtiO out of the 7i >.0o0 shares of 
the Panama llailroad Company, each such share having a par value of 
81il<>. Tht'se shares of Panama Pailroad stock are now held in trust 
for till' benelit of the Aew Panama Canal Company. A part of the 
expenditures of the old company therefore covered the cost of thi' 
Panama Railroad Company's shares now held in trust for the benefit 
of the new company. 

Immediately after its organization the New Panama Canal Company 
resumed the work of excavation in the Emperador and Culebra cuts 
with a force of men which has been reported as varying between l.iMfO 
and 4.6(10. It also gave thorough consideration to the subject of the 
Ix'st plan for the completion of the canal. The company’s charter 
provided for the appointment of a special engineei’ing commission of 
five members by the company and the liiiuidator to re])ort upon the work 
done and the conclusions to b(‘ drawn from its study. This report 
wa-- to be renderi'd when thi' amount I'xpendi'd by the new comi'any 
should reach about one-half of its capital. At the same time the com- 
pany also appointed a •'Comitd Technique,’’ constituted of 14 eminent 
European and American engineers, to make a study of the entire pro- 
ject. which was to a\ ail itself of existing data and the results of such 
other additional surveys and examinations as it might consider neces- 
sary. 4'he report rc'ndei'cd by this committee was elaborate, and it 
was made No\ ember 16. Isps. It was referred to the statutoiy com- 
mission of tiM‘. to which reference has already been made, which com- 
mission reported in IS'.I',* that the canal could be constructed within 
the limits of time and money estimaterl. On December M(6 1S!>!», n 
special meeting of the stockholdei's of the new company was called, 
but the liquidator, who was one of the hugest stockholders, declined 
to take part in it. and the report consequently has not receiveil the 
required statutory coTisideration. 

The ))lan adopted by the company placed the minimum I'levation of 
the summit le\'el of the canal at '.*7.1 feet above the si'a, and a maximum 
at 1(*24 feet above the same datum. It provided for a depth of 2'.*4 
feet of wati'r and a bottom width of canal jii'ism of about ',*8 feet, 
except at special places where this width was increased. A dam was 
to be built near Bohio, which would thus form an artitlcial lake, with 
its surface varying from . 52..5 to 6 ). 5 . 6 ) feet above the sea. I’nder this 
plan there would be a Hight of two locks at Bohio, about 16 miles 
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from the Atlantic end of the canal, and another llifrht of two locks at 
Ohi.spo, about 14 miles from liohio, thus reachiiio- tlu' summit level; a 
sino-le lock at Piii’aiso, between (i and 7 miles from Obispo; a Higlit of 
two locks at Pedro ^liguel. about 1.3.5 miles from Ikiraiso, and tinally 
a single lock at Miratlores. a mile and a ((uarti'r from Pedro IMiguel. 
brinoing the canal down to the ocean elevation. The location of this 
line was practically the saiiu' as that of the old company. 'Phe ai ail- 
able length of each lock chamber was T3S feet, while tlu' available 
width was S3 feet, the dejitli in the clear being 33 fed lo inches. 'I'he 
lifts were to vary from 3*; to 3.3 feet. It was estimatcHl that the cost 
of tinishing tin* canal on this plan would be ^lOl.SoO.ooo. exclusive of 
administration and tinancing. 

In order to control the floods of tlu' Chagres Pi\-ei’, and to furnish 
a su[)})ly of water for tlu' summit hwel of the canal, a dam was ])lann('d 
to b(‘ l)uilt at a })oiut called Alhajucla, about 13 miles from ()l)isp<). 
fi'oni which a feculer about lo miles long, partly an o])('u canal and 
partly in tunnels or pipe, would conduct the water from tlu' ix'servciir 
thus formed to the summit l('vcl. 

.\lthough the plan as described was adoptwl. tlu' "C'omite Tech- 
niqiK'" a})parently favored a modilication by which a much deeper 
excavation through Culebra Hill would be made, thu' omitting the 
locks at both Olh>po and Pai'aiso and making the hnel of the artificial 
Lake llohio the summit hwel of the canal. In this modified ])ian tlu' 
bottom of the summit level would bo alxuit 33 feet abova- the sea. and 
the minimum elevation of tlu' summit hwid 01. .5 feet abo^•e the sea. 
This moditication of plan had the n.aterial ailvantage of eliminating 
both the Obispo und Paraiso locks. 'I'ln- lot;d (>stimated cost of com- 
pleting the canal under this plan was about >'lo.5.,5oi>.ooO. .Although 
the Alhajucla feeder would be omitt(‘d. tin* .Vlhajm'la resmu oir would 
1 h‘ retained as an agimt for controlling the Chagn'' floods and to form 
a reserve water supi)ly. The ditb'nmce in cost of tlnwe tvo plans was 
comparati\(‘ly small, but the additional time required to com}det(' 
that with the lower simunit level was probably one of th(> main 
coiisidei’ations in its rejiadion by the committee having it uiuhu' 
consideration. 

'Phis brings the projc'ct up to the time when the Isthmian t'anal 
t'ommissiou was created in isit!) and when the forces of the New 
Panama Canal ('ompany were emplovwl either in taking car(' of tlu' 
(uiormous auuamt of plant be([Ut'athed to it by the old com})auv or in 
the great (‘xcavation at Emperador and Culelu'a. Phe total excavation 
of all classes, made up to the time when that C’ommission nmdered its 
report, amounted to about TT.ooo.ooo cubic yards. 

4’he work of the Commission consisted of a compndiensivc' and 
detailed examination of the entire project and all its accessories, as 
contemplated by the New Panama Canal Comi)any. and any modilica- 
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tions ot its plans, cither as to alignment, elevations, or suosidiaiT 
works, which it iiii<rht determine advisable to recommend. In the 
execution of this work it was nece.s.sarv, ainono- other things, to send 
engineering parties on the line of the Panama route foi’ the purpose 
of making surveys and examinations necessary to contirm estimates of 
the Xew Panama Canal Company as to quantities, elevations, or other 
physical features of the line selected, or required in moditications of 
alignment or plans. In order to accomplish this portion of its work 
the Commission placed live working parties on the Panama I’oute with 
20 engineers and other assistants and 41 laborers. 

The Commission adopted for the purposes of its plans and estimates 
the route selected by the Xew Panama Canal Company, which is essen- 
tially that of the old conqiany. Starting from the G-fathom contour 
in the harbor of Colon the line follows the low marshy ground adjoin- 
ing the Bay of Limon to its intersection with the Mindi River; thence 
through the low ground continuing to (iatun, about G miles from 
Colon, where it tirst meets the Chagres River. From this point to 
Obispo the canal line follows practically the general course of the 
Chagres River, although at one point in the marshes below Bohio it is 
nearly •! miles from the farthest bend in the river, at a small place 
called Ahorca Lagarto. Bohio is about 17 miles from the Atlantic 
terminus, and Obispo about 30 miles. At the latter point the course 
of the Chagres River, passing upstream, lies to the northeast, while 
the general direction of the canal line is southeast toward Panama, the 
latter leaving the former at this location. The canal route follows up 
the general course of a small stream, called the Camacho, for a distance 
of nearly 5 miles, whore the continental divide is found and in which 
the great Culebra cut is located, about 3G miles from Colon and 13 
miles from the Panama terminus. After passing through the Culebra 
cut the canal route follows the course of the Rio Grande River to its 
mouth at Panama Bay. The mouth of the Rio Grande, where the 
canal line is located, is about a mile and a half westerly of the city of 
Panama. Th(> Rio Grande is a small, sluggish stream throughout the 
last G miles of its course, and for that distance the canal excavation 
would be made mostly in soft silt or mud. 

Although the line selected by the French company is that adopted 
by the Isthmian Canal Company for its purposes, a number of most 
important features of tlu> general plan have been materially modifietl 
by tin* Commission, as will be easily understood from what has already 
been stated in (;onnectioii with the French })lans. 

The feasibility of a .sea-level canal, but with a tidal lock at the 
Panama end, was carefully considered by the Commission, and an 
approximate estimate' of the' cost of comph'ting the work on that 
plan was made. In round numbers this estimated cost was about 
$250,000,000, and the time reejuired to complete the work would 
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probably be nearl_v or quite twice that needed for the construction of 
a canal with locks. The Commission therefore adopted a project for 
the canal with locks. Both plans and estimates were carefully de.vel- 
oped in accordance therewith. 

The har])or of Colon has been fairly satLsfactoiy for the commerce 
of that port, but it is open to the north, .and there are probably two 
or three days in ever\' year during which northers blow into the har- 
bor with such intensit 3 ' that ships anchored there must put to sea in 
order to escape damage. The western limit of this harbor is an arti- 
ticial point of land formed In’ material deposited ly the old Panama 
Canal Compaiu’; it is called Christoph (Vilon, and near its e.\treme 
end are two large frame residences built foi- De Lesseps. The entrance 
to the canal is immediately’ .south of this artificial point. Tlie Com- 
mission projected a canal entran<-e from tlie d-fathom contour in the 
Bay of Limon. in which the harbor of Colon is found, swinging on a 
eentle curve. feet radius, to the h'ft around behind the artificial 

point just mentioned and then across the shore line to the right into 
the lowland southerly of Colon. This channel has a width of oOo feet 
at the bottom, with side .slopes of 1 on :3, except on the second curve, 
which is somewhat sharper than the first, where the bottom width is 
made .sou feet for a length of SOO feet for the purpose of a turning- 
basin. This brings the line into the canal })roper, foi-ming a well- 
protected harbor for nearly a mile inside of the shore line. The 
distance from the ti-fathom line to this interior harbor is about '2 miles. 
The total cost of constructing the channel into the harbor and the 
harbor itself is ^8,057.707, and the annual cost of maintenance is 
placed at !83o.()0(). The harbor would be perfiatly pi'otected from the 
northers which occasionally blow with such intensity in the Bay of 
Limon. and it could readily be made in all weathers by vessels seek- 
ing it. 

The harbor at the Pacific end of the channel where it joins Panama 
Bay is of an entirely different character in .some respects. The Bay’ 
of Panama is a place of light winds. Indeed it has been asserted that 
the difficulties sometimes e.xperiencetl by sailing vessels in finding 
wind enough to take them out of Panama Bay’ are so serious as to 
constitute a material objection to the location for a ship canal on the 
Panama route. This difficulty undoubtedly exists at times, but the 
simple fact is to be remembered that Panama was a port for sailing- 
ships for more than two hundred years before -a steamship was known. 
The harbor of Panama, as it now exists, is a large area of water at 
the extreme northern limit of the Iray’. immediately’ adjacent to the 
city’ of Panama, protected from the south bv the three islands of 
Perico, Naos. and Culebra. It has been called a roadstead. There is 
good anchorage for heavy-draft ships, but for the most part the water 
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is shiilloA'. With the Commission's requirement of a minimum depth 
of water of 35 feet, a ehannel about 4 miles long from the mouth of 
the Rio (iranch' to the h-fathom line in Panama Ba_v must be exca- 
vated. This ehannel would have a bottom width of :itH) feet with side 
slopes of 1 on 3 where the material is soft. Considera])le rock would 
have to be excavated in this channel. At 4.41 miles from the (j-fathoni 
line is located a wharf at the point called La Boca. A branch of the 
Panama Railroad Company runs to this wharf, and at the present time 
deep-draft ships lie up alongfside of it to take on and discharge cargo. 
The wharf is a steed frame structure, founded upon steed cylinders, 



carried down to bed rock by the jmt'umatie process. Its cost was 
about isl.dSl.Ooo. The total cost of the excavati'd (diannel leading 
from Panama Ilarlxu' to the pier at La Boca is estimated lev the Com- 
mission at As the harbor at Panama is considered an 

open roadstead, it recpiires no estimate for annual cost of maintenance. 

Starting from the harbor of Colon, tlie prism of tin' canal is exca- 
vated through the low and for the most part marshy ground to the 
little village called Bohio. The prism would cut the t'hagres River 
at a number of points, and woidd recpiire a diversion channel for that 
river for a distance of about 5 miles on the westerly side of the canal. 
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Levees, or protective enil)aiikin('nts, would also l)e re([uir('d on the 
same side of the canal between Bohio and Gatun. the Chac-res liiver 
leaving the canal line at th(> latter point on its wav to the s('a. 

The principal enoineerinw feature of the entire route is found at 
Bohio: it is tin' great dam acro.ss tlu* Chagres Bi\ er at that Point, 
forming Lake Bohio, the summit lev(4 of the canal. Tin* lu'w Panama 
Canal Company located this dam at a point about 17 miles from Colon, 
and desigiK'd to niak(> it an earth structun' suitably paved on its faces, 
but w ithout any other masonry feature. Some borings had been made 
along the site, and test pits were also dug by the Frcmch engiiKMM-s. 
It was the conviction of the Isthmian Canal C'onmiission. however, 
that the charactei' of the proposed dam miglit be affected by a further 
examination of tin* subsurface material at tlic site. Cons('(|uently the 
boring parties of tli(‘ Commission sunk a largi- number of bore hob's 
at six diffi'rent s('ctions or possibh* sites along thi' river in th(' \ icinity 
of the Fi-('nch location. 'I'liesc borings revealed great iri'egularity in 
the character ami disposition of the malc'rial below the bed and bunks 
of the river. In some places the in)p('r stratum of material was 
almost eh'ar clay, and in other j)lac<'s clear sand, whili* all degn'cs of 
admixture of clay and sand wt'n* also found. At the Fn'nch site the 
bed rock at the deepest point is IF! feet bc'low sea levt'l. with large 
masses of pervious and semipt'rvious .sand, gravel, and mixtures (jf 
those materials with clay. Ap[)arently ther<' is a geological \ alh'y in 
the rock along the general course of the Chagres Kivei’ in this vicinity 
tilled with sand, gravel, and clay, irregulai’ly distributed and with all 
degrees of admixture, large ma.sscs in all cases bt'ing of ojien texture 
and p('rvious to water. Tin' site adopted !>y the Commission for the 
purpos('s of its plans and estimates is located nearly half a mile down 
the course of the river from that selected by the Ai'w Panama Canal 
Comj)atiy. The geological valh'v is lu'arly 'i.oiio fci't w ide at this loca- 
tion. but the deepest rock disclosed by the borings of tin' C’ommission 
is but Lits fec't below sea lc\ t'l. I he actual channel of the river is not 
more than ].-)e feet wide and lies on the extreme easterly side of the 
valley. The easterly or right bank of the river at this place is clean 
rock and rises abruptly to an elevation of about 40 feet above' the river 
surface at ordinary stage's. The left eer westerly bunk eef the river is 
compae-te'd e-kiv and sanel. and rises eejually as abruptly :is the' reecky 
bank e)f the eether sielc. ainl tee abeeut the .same' elevation. Froju the 
to]) e)f the' abru])t sanely e-lay bank a ])liite'au eef rathe'r i-e'maik:d>h' uni- 
feirmity eef e'h'vation e'xtenels feer about l.gon fe'e't in :i seeuthwe'ste'rly 
dire'e-tieen te) the' ie)e-ky hill ill whie-h the' Beihie) leie'ks woulel be leicated. 
The reie-k shipe em the e'asterly eir northerly bank eif the river runs 
down unde'i- the' sanely rive'r bed. but at such an inclination that within 
the limits of the channe'l the deejiest reick is less than lOp feet below 
sea level. 
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After the eonipletion of all its exanhiiations, and after a careful 
study of the data disclosed by them, the Commission deemed it advis- 
able to plan such a dam as would cut off absolutely all possible sub- 
surface flow or seepage through the sand and gravel below the river 
surface. It is to bo observed that such a subsurface flow might either 
disturb the stability of an earth dam or endanger the water supply of 
the summit level of the canal, or both. The plan of dam finally 



Prnfilu of Kolim dam •'ite, sclt'cted fur jiihI ustiiaulu, with "cftioii of daiii. 

adopted by the Commission for the purposes of its estimates is shown 
by the accompanying plans and sections. A heavy' core wall of con- 
crete masonry extends from bed rock across the entire geological 
vallev to the top of the structure, or to an elevation of lUO feet above 
sea level, thus absolutely closing the entire valley against any possible 
flow. The thickness of this wall at the bottom is 30 feet, but at an 
elevation of 30 feet below .sea level its sides begin to batter at such a 
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rate as to make the thickness of the wall 8 feet at its top. On either 
side of this wall are ht'avy masses of earth embankment of selected 
material properly deposited in layers with surface slopes of 1 on 3. 
As shown by the plans, the lower portions of the core wall of this 
dam would be sunk to bed rock hi' the pneumatic process, the joints 
between the caissons being closed and .sealed by cidinders sunk in 
recesses or wells, also as shown by the plans. 

The profile of this route shows that the summit level would have an 
ordinary elevation of So feet above the sea. but it may be drawn down 
for uses of the canal to a minimum elevation of S:i feet above the 
same datum. On the other hand, under circumstances to be discussed 
later, it may rise duiing the floods of the Chagres to an elevation of 
90 or possibly 91 or 9;i feet at)ov(‘ tin' level of the sea. The top of the 
dam, therefore, Avould be from S to 10 feet ahovt' the highest possible 
water surface in the lake, which is sulhcient to guard against wash or 
overtopping of the dam by waves. The total width of tin' dam at its 
top would be ;lo feet, and the entire inner slope would be paved with 
heav\' riprap suitably phu'cd and Ix'dded. 

This dam would create an artificial lake laiving a superficial area 
during high water of about 40 scpiare miles. The water would be 
backed up to a point called Alhajuela. about 25 miles up the river 
from Bohio. For a distance of nearly 14 fniles — i. e.. from Bohio to 
Obispo — the route of the canal would lie in this lake. Although the 
water would be from SO to 90 feet deep at the dam for several miles 
below Obispo, it would be necessary to make some excavation along 
the general course of the Chagres in order to secure the minimum 
depth of 35 feet for the navigable channel. 

The feature of Lake Bohio of the greatest importance to the safe 
and convenient operation of the canal is that by which the floods of 
the river Chagres arc controlled or regulated. That river is but little 
le.ss than 15i) miles long, and its drainage area, as nearly as can be 
estimated, contains about 8T5 square miles. Above Bohio its current 
moves some sand and a little silt in times of flood, but usually it is a 
dear-water stream. In low water its di.scharge may fall to 350 cubic 
feet per second. 

As is well known, the Hoods of the Chagres have at times been 
regarded as almost, if not quite, insurmountable obstacles to the con- 
struction of a canal on this line. The greatest flood of which there is 
anv semblance of a reliable record is one which occurred in 1S79. No 
direct measurements were made, but it is stated, with apparent 
authority’, that the flood elevation at Bohio was 39.3 feet above low 
water, if the total channel through which the flood flowed at that 
time had been as large as at pre.^ent. actual gaugings or measurements 
of subsequent floods show that the maximum discharge in 1879 might 
have been at the rate of 13ti,0()0 cubic feet per second. As a matter 
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bt fact, the total channel section in that year was less than it is at the 
present time. Hence, if it be assumed that a flood of l-iO.oOO cubic 
feet per second must be controlled, an error on the safe side will be 
committed. Other g-reat floods of which there are reliable records are 
as follows: 


Height tit 

Year. Bohio above 

low water. 


IX, S3. 

1X90. 

1x93. 


Ftet. 

33. X 
34. 7 
32 1 
2X •') 


The maximum measured rate of the 18110 flood was 71.!»9S cubic feet 
per second, and that of 1893. 48.975 cubic feet per second. It is clear, 
therefore, that a flood flow of 75,009 cubic feet per second is veiw rare, 
and that a flood of 140, ooo cubic feet per second exceeds that of which 
we have any record for pra<4ically forW years. 

It is obvious that the dam, as designed by the Commission, is of such 
character that no water must be permitted to flow over its crest or even 
in immediate proximity to the downstream embankment. Indeed, it 
is not intended by the Commission that there shall be any wasteway or 
discharge anywhere near the dam. At a point about 3 miles southwest 
of the site of the dam at Bohio is a low saddle or notch in the hills, 
near the head waters of a small stream called the Gigante River. The 
elevation of this .saddle or notch is such that a solid masonry weir, with 
a crest d.obo feet long, may readily be constructed with its foundations 
on bed rock without deep excavation. This structure is called the 
Gigante spillway, and all surplus flood wattu's from the Chagres would 
flow over it. The waters discharged would flow down to and through 
some large marshes, one called Pena Blanca and another Agua Clara, 
before rejoining the Chagres. Inasmuch as the canal line runs just 
easterly of tho.se marshes, it would be necessary to protect it with the 
levees or embankments to which allusion has already been matle. 
These embankments are neither mindi extended nor \ ery costlv for 
such a projt'ct. Tin* protection of the canal would be further aided 
by a >hort artiticial channel between the two marshes, Pena Blanca and 
Agua tdara. for which provision is made in the estimates of the Com- 
mission. After tin* surplus waters from the Gigante spillway pass 
these marshes they again enter the Chagres River or flow over the 
low, half-subnnu’ged country along its borders, and thence through its 
mouth to th(' sea near the town of Chagres, about t! miles northwest 
of Gatlin. 

The masonry crest of tlu‘ Gigante spillway would be placed at an 
elevation of 85 feet above the sea. identically the same as that which 
may be called the normal summit level of the canal. It is estimated 
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that the total uses of water in the canal added to the loss by evapora- 
tion. taken at <> inches in depth per month, from the surface of the 
lake will amonnt to al)ont 1.070 cubic feet per second if the traffic 
through the canal shoidd amount to 10,000,000 tons per annum in 
ships of ordinary size. This draft per second is the sum of 40d cubic 
feet p(‘r second for lockagt', :t07 for evaporation, liOo for leakage at 
lo(dv gates, and 200 for power and other purposes, making a total of 
1.00:5. which has been taken as L,o7o cubic fiad ])('r si-cond. 'I'he 
amount of storagi' in Lake Bohio Ix'tween the (del ations of S,5 and 82 
feet above sea level, as designed, is sufficient to supply the needs of 
that traffic in exc('ss of tin' smalh'st n'corch'd l()w-wat(‘r how of the 
Chagn's River during the dry season of a low-rainfall year. The 
lowest monthly a\ »'rag(' How of the (’hagivs on record at Bohio is 
600 cubic feet per second for Mandi, ISOl, and for tht( purposes of 
this computation that minimum tlow has bc('n supposi-d to continue 
for thre(> months. Tliis includes a s(msible margin of safety. In not 
even the driest y('ar. therefore, can it l)e I'casonably expected that the 
summit level of the canal would fall l>elow the (devation of 82 feet 
until the total traffic of the canal carried in ships of tiu' present ordi- 
nary size shall I'xet'cd Lu.ooo.ooo tons. If the a\'erag(' siz(‘ of ships 
continues to increase, as will probably be the case, less wat('r in pro- 
portion to tonnagt' will be rcipiired foi' tin' jairposesof hx'kage. d'his 
follows from tin' |act that withagiv('n tonnagi' the greati'r the capacity 
of the ships tin' le.'S the nuiulx'r rcipiin'd. and con'('([Ui'ntly tin' less 
will be the number of lockagi's made. 

On the otln'f hand it can Ix' shown that with a depth of 5 feet of 
water on tin' erc'st of tin' (iigantc spillway tlu' disc harg(' of that weir 
2.000 feet long will bt' at th(' rate of 7's.2<S() cubic f('et per second. 
If till' flood wat('rs of tin' ( liagrt's should flow into Lalo' Bohio until the 
head of water on the crest of the (figante weir rises to 7i fei't. the rate 
of discharge over that wt'ir would Ix' l-to.ooo culjie feet pi'f si'cond, 
which, as already shown, ('xcci'ds at h'ast by a littU' tin' highest flood 
rate on record, ddn' opi'ration of Lake' Bohio as a flood eontrolh'r or 
n'gulator is tln'i'cfon' e.xct'cdingly simph'. d'ln' flood waters of the 
Chagres would pour into tin' lake and imnn'diately Ix'gin to flow over 
tin' (figanti' w('ir. and c'ontimn' to do so at an inert'asing rate as the 
flood contimn's. Tin' discharge of the weir is augmenteil by the 
incr('asing thxxl. and (h'cri'asi's only afti'r tin' passag(' of the ciH'st of 
th(' flood wave. No flood evt'ii as gri'at as the gi'eat('st supposable 
flood (jii record can incn'as(' the elevation of tin' lain; more than '.ffi to 
t)2i f('('t abovt' sea lei el. and it will only be at long intervals of time 
when floods will raisi' that ('levation mon' than about bo f('('t above 
.sea level. 'I'lie control is automatic and unfailingly certain. It pre- 
vents absolutt'ly any damage from tin' higln'st supposiible thxxls of 
the Chagres. and r('serv('s in Laki' Bohio all that is reipiired for the 
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purposes of the canal and for wastage by evaporation through the 
lowest rainfall season. The floods of the Chagres, therefore, instead 
of constituting the obstacle to construction and convenient mainte- 
nance of the canal heretofore siippo.sed, are deprived of all their 
prejudical eflects and transformed into beneficial agents for the opera- 
tion of the waterway. 

The high(‘st floods are of short duration, and it can be stated as a 
general law that the higher the flood the shorter its duration. The 
great floods which it is nece.ssary to consider in connection with the 
maintenance and operation of this canal would last but a comparatively 
few hours only. The great flood flow of IdO.OUO cubic feet per second 
would increase the current in the narrowest part of the canal below 
Obispo to possibly 5 feet per second for a few hours onlv, but that is 
the only in(‘onv('ni('nce which would result from such a flood discharge. 
That velocity could be reduced by additional excavation. 

Inasmuch as this system of control, devised and adopted by the 
Isthmian Canal C'ommission. is completely effective in regulating the 
Chagres floods, the reservoir proposed to be constructed by the new 
Panama Canal Company at Alhajuela, on the Chagres about 11 miles 
above Obispo, is not required, and the cost of its construction would 
be avoided. It could, however, as a project, be held in reserve. If 
the traflic of the <?anal should increase to such an extent that more 
water would be needed for tV(>ding the summit level, the dam could 
be built at Alhajuela so as to impound enough additional water to 
accommodate, with that stored in Lake Bohio. at least live times the 
10,000.000 annual traflic already con.sidered. Its existence would at 
the same time act with substantial effect in controlling the Chagres 
floods and rt'lieve tin* (rigante spillway of a corresponding amount of 
duty. 

The lock^r on tlu‘ Panama route are designed to have * * * a 
usable length of TIO feet and a clear width of S4 feet. They would be 
built chietlv of concndi* masonry, while the gates would be of steel 
and of the miter type. 

The great dam at Bohio rai.ses the water 'surface in the canal from 
sea level in the Atlantic maritime section to an oi'dinarv maximum of 
90 feet above sea level; in other words, the maximum ordinary total 
lift would be 90 feet. This total lift is divided into two ])arts of lo 
feet (xich. There is therefore a flight of two locks at Bohio; indeed, 
there an' two flights side by side, as the twin arrangement is designi'd 
to be used at all lock .sites on both routes. The typical dimensions 
and arrangements of tln'.se, locks, with the reijuisite culverts and othei’ 
features, * * are not essentially difl’erent from other great mod- 

ern ship-canal locks. The excavation for the Bohio locks is made in 
a rocky hill against which the southwesterly eml of the proposed 
Bohio dam rests, and they are less than l,t)90 feet from it. 
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Aftei leaving Bohio Lake at Obispo a flig-ht of two locks is found 
at Pedro Miguel, al>out 7.9 miles from the former or ^ 21 ^ miles from 
Bohio. These locks h'ave a total ordiiiaiy maximum lift of 60 feet, 
divided into two lifts of 30 feet each. The fifth and last lock on the 
route is at Miraflores. The average elevation of water between Pedro 
Miguel and Miraflores is 30 feet abo\'e mean sea level. Inasmuch as 
the range of tide between high and low in Panama Ikn' is about 2(» 
feet, the maximum lift at ^Miration's is 40 fuet and the minimum about 
20. The twin locks at Miration's bring tlu' canal sni'face down to the 
Pacific Ocean h'vel. the distance from those locks to the 6-fathom 
curve in Panama Bay Ix'ing S.od miles. 'Phere are therefore tiv(' locks 
on the Panama loute. all arranged on the twin plan, and. as on the 
Nicaragua route, all are founded on rock. 

N't'ar Obispo a pair of guard gates are arranged " so that if it should 
becomt' necessary to draw off the water from tin' summit cut the le\ el 
of Lake Bohio would not bi' affected.'' 

An unprecedented concentration of heavy cutting is found between 
Obispo and Pedro Miguel. 'Phis is practically om' cut, although the 
northwesterly end toward Obispo is called the Emperador, while the 
deepest part at the other end. about 3 miles from Pedi'o NIiguel. is the 
great Culebra cut. with a maximum depth on the center line of the canal 
of 286 feet. On page 93 of the isthmian Canal Commission's report 
is the following reference to the material in this cut: "Then' is a little 
very hard rock at the eastern end of this section, and the western 2 
miles are in ordinary materials. The remainder consists of a hard 
indurated clay, with some softer material at the top and some strata 
and dikes of hard rock. In fixing the price it has l)een rated as soft 
rock, but it must be given slopes e((uivalent to those in earth. This 
cut has been estimated on the basis of a bottom width of l.“)U feet, with 
side slopes of 1 on 1." When the old Panama Canal Company began 
its excavation in this cut considerable difficulty was expei-ienced by 
the slipping of the material outside of the limits of the cut into the 
excavation, and the marks of that action can be seen plaiidy at the 
present time. This experience has givc'u an impression that much of 
the material in this cut is unstable, but that impression is erroneous. 
The clay which slipped in the early days of the work was not drained, 
and, like wet clay in numerous places in this country, it slipped down 
into the excavation. This material is now drained and is perfectly 
stable. There is no reason to anticipate any future difficult}’ if reason- 
able conditions of drainage are maintained. The high faces of the cut 
will probably weather to some extent, although experience with such 
cla}’ faces on the isthmus indicates that the amount of such action will 
he small. As a matter of fact, the material in which the Culebra cut 
is made is stahh'. and will give no sensible difficulty in maintenance. 

Throughout the most of the distance between Colon and Bohio on 
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the easterly side of the canal the French plan contemplated an exca- 
vated channel to receive a portion of the waters of the Chagres as well 
as the how of two smaller rivers — the Gatuncillo and the Mindi — so as 
to conduct them into the Bay of Manzanillo, immediateh' to the east 
of Colon. That so-called diversion channel was nearly completed. 
Under the plan of the Commis.sion it would receive none of the Cha- 
gres flow, but it would be available for intercepting the drainage of the 
high ground easterU of the canal line and the flow of the two small 
rivers named, so that these waters would not find their wav into the 
canal. There are a few other small works of similar character in dif- 
ferent portions of the line, all of which were recognized and provided 
for by the Commission. 

The total length of the Panama route from the fl-fathom curve at 
Colon to the same curve in Panama Bay is 49.09 miles. The general 
direction of the route in passing from Colon to Panama is from north- 
west to southeast, the latter point ])eing about miles east of the 
Atlantic terminus. The depression through which the line is laid is 
one of easy topography, except at the continental divide in the 
Culebra cut. As a consequence, there is little heavy work of excava- 
tion, as such matters go, e.xcept in that cut. A further conseiiuence 
of such topography is a comparatively easy alignment: that is, one in 
which the amount of curvature is not high. The smallest radius of 
curvatui'c is 3.'4(SL feet at the entrance to the iniK'r harbor at the 
Colon end of the route, and where the width is tut.) feet. The radii of 
the remaining cuiu'cs range from r>,2:t4 feet to lU.f.ou feet. 

The following table gives all the elements of curvaturt' on the route 
and indicates that it is not excessive: 
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The principal items of the total amount of work to b(‘ performed in 
completing the Panama Canal, under the plan of the Commission, can 
be classified as shown in the follctwing tabh>: 


yards. . l' 7, (irif), .740 

bry earth de.... 14. :!Sti, 9.74 

Soft rock , 1 ,, 

Hard rock <lo..,. S, ,S06, :'.40 

Rock under water 4 ^ gjiy 6(37 

Endiankment an<l hack tUliii<r. , 1 ,, 1 goo jry.i 


Total 


do 97,440,489 
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Concrete 

Granite 

Iron and steel 

Excavation in coffenlain 
Pneumatic work 


cubic yards. . 3, 762, 175 

do 13,820 

pounds.. 65,248,900 

cubic yards. . 7, 260 

do 108,410 


The lengths of the various sections of this route and the costs of 
completing the work upon them are fully set forth in the following 
table, taken from the Commission's report, as were the two preceding: 


Total intimated cost. 


Colon entrance and harbor 

Harbor to Bohio locks, including levees 

Bohio locks, including excavation 

Lake Bohio 

Obispo gate.s 

Culebra section 

Pedro Miguel lock's, including excavation and dam 

Pedro Miguel level 

Miraflores lock.s, including excavation and spillway 

Pacific level ' 

Bohio datn 

Gigante spillway 

Pena Blanca outlet 

Chagres diversion 

Gatun diversion 

Panama Railroad <Uversion 


Milc'.. 

1 Ct>st. 


o 

:39 

$8,057, 

,707 

14 


11,099, 

839 


:35 ' 

11,:)67, 

275 

13 

61 

2, 952, 

154 



295. 

4:14 

7, 

ai 

44, 114, 

4t>0 



9, 081, 

321 

1 

33 

1,192, 

286 


20 1 

T), 781, 

401 

.s 

.-,3 i 

12, 427. 

971 


6, 369, 640 
1,209,419 
2,418.076 
1, 929, 982 
100,000 
1,267..H)0 


Total 49 . 09 ! 120,194,460 

Engineering, police, sanitation, and general coiitlngoncics, 20 per cent 24,038.893 


Aggregate 


144.23:3,3)8 


The item in this table called Panama Railroad diversion atlords pro- 
V ision for the reconstruction of the railroad necessitated hv the forma- 
tion of Lake Bohio. That lake would submerge the present location 
of the railroad for 14 or 15 miles. ♦ * * 



The Culebra cut with steamer Jjtatischkuvl in it. 


As is well known, the entire Central American isthmus is a volcanic 
region, and in the past a considerable number of destructive volcanic 
eruptions have taken place at a number of points. There is a line of 
live volcanoes extending southeasterly through Nicaragua and Costa 
Rica. Manv’ earthquake shocks have occurred throughout Nicaragua. 
Costa Rica, and the State of Panama, some of which have done more 
or less damage in large portions of those districts. * * * Xhe 
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conclusions of the Commission as to this feature of the matter are 
concisely stated in the fdllowinjjf paragraphs of its report: 

“It is possible and even probable that the more accurately fitting 
portions of the canal, such as the lock gates, may at times be distorted 
by eaithquakes. and some inconvenience ma}' result therefrom. That 
contingency may be classed with the accidental collision of ships with 
the gates, and is to be provided for in the same way. by duplicate gates. 

“ It is possible also that a fissure might open which would drain the 
canal, and. if it remained open, might destroy it. This possibility 
should not be erected by the fancy into a threatening danger. If a 
timorous imagination is to be the guide, no great work can be under- 
taken anywhere. This risk may be classed with that of a great con- 
flagration in a city, like that of Chicago in 1871, or Boston in 187^. 

It is the opinion of the Commi.ssion that such danger as exists from 
earthquakes is essential!}' the same for both the Nicaragua and Panama 
routes, and that in neither case is it sufficient to prevent the construc- 
tion of the canal." 

The Nicaragua route crosses the line of live volcanoes running from 
northwest to southeast through Central America, and the crater of 
Ometepe in Lake Nicaragua is about 11 miles only from the line. The 
eruptions of Pelee and Soufriere show that such proximity of possible 
volcanic action may be a source of great danger, although even the 
destruction by them does not certainly indicate damage either to 
navigation or to canal structures at the distance of 11 mile.s. What- 
ever volcanic danger may exist lies on the Nicaragua route, for there 
is no volcano nearer than 175 miles to the Panama route. 

* * * There is a wide-spread, popular impression that the Cen- 
tral American countries are necessarily intensely unhealthful. This 
is an error, in spite of the facts that the construction of the Panama 
llailroad was attended with an appalling amount of sickness and loss 
of life, and that records of many epidemics at other times and in other 
places exist in nearly all of these countries. There are the best of 
good reasons to believe that with the enforcement of sanitary regula- 
tions. which are now well understood and completely available, the 
Central American countries would be as healthful as our Southern 
States. A proper recognition of hygienic conditions of life suitable 
to a tropical climate would work wonders in Central America in reduc- 
ing the death rate. At the present time the domestic administration 
of most of the cities and towns of Nicaragua and Panama, as well as 
the generality of Central American cities, is characterized by the 
absence of practically everything which makes for public health, and 
by the presence of nearly every agency working for the diseases which 
flourish in tropical climates. When the United States Government 
reaches the point of actual con.struction of an isthmian canal the sani- 
tary features of that work should be administered and enforced in 
every detail with the rigor of the most exacting military discipline. 
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Under ,Mieh conditions, epidemic.s could either be avoided or reduced 
to manageable dimensions, hut not otherwise. * * * 

The time requii'ed for passing through a transisthmian canal is 
affected by the length, bj' the number of locks, by the number of 
curves, and by the sharpness of curvature. The speed of a .ship, and 
consequently the time of passage, is also affected hi’ the depth of 
water under its keel. It is well known that the same power applied 
to a .ship in deep water of unlimited width will produce a much higher 
rate of mo\ ement than the same power applied to the same ship in a 
restricted waterway, e.specially when the draft of the ship is but little 
less than the depth of water. The.se considerations have important 
bearings both upon the dimensions of a ship canal and upon the time 
required to pass through it. They were most carefully considered by 
the Commission, as were also such other matters as the delay incurred 
in passing through the locks on each line, the latter including the delay 
of slowing or approaching the lock and of increasing speed after pass- 
ing it, the time of opening and clo.sing the gates, and the time of 
emptying and tilling the locks. It is also evident that ships of various 
sizes will re(iuire different times for their pa.ssage. After giving due 
weight to all these considerations it was found that what may be called 
an average ship would reciuire twelve hours for passing through the 
Panama Canal. * * * 

The prospectiv(; industrial and commerciid value of the canal also 
occupied the attention of the Commi.ssion in a broad and careful study 
of the elements which enter that part of the problem. It is difficult if 
not impossible to predict just what the effect of a transisthmian canal 
would be eitlicr upon tlie ocean commerce of the United States or of 
other parts of the world, l)ut it .seems rea.sonable to suppose from the 
result of the Commission's examinations that had the eanal been in 
existence in at 'least 5,00o,O(M> tons of the actual traffic of that 

3'ear would have been accommodated by it. The opening of such a 
waterway, like the opening of all other traffic routes, induces the 
creation of new traffic to an extent that can not be estimated, but it 
would appear to be reasonable to suppose that within ten years from 
the date of its opening the vcs.sel tonnage using it would not be less 
than in.ooo. ()()() tons. * * * 

The effect of this ship waterway upon the well-being of the United 
States is not altogether of a commercial character. As indicated by 
the Commission, this additional bond between the two portions of the 
country will have a beneticial effect upon the unity of the political 
interests as well as upon the commercial welfare of the country. 
Indeed it is the judgment of many well-informed people that the com- 
mercial advantages resulting from a clo.ser touch between the Atlantic 
and Pacitic coasts of the country are of less consequence than the 
unifying of political iutere.sts. 




THE PK0HLE:MS of HEKEDIT'Y and their solution.^ 


]iv W. Ratksox, M. a., F. R. S.'' 


All (‘Xiict (li'teriiiiiKitiori of tlio laws of heredity will proliahly work 
niori' ehaiio'C in man's outlook on the world and in his power over 
nature than any otlier adianec' in natural knowh'do'e that eaii be 
elearly fores(M'n. 

Thtu'e is no douiit whatever that these laws can l»e determined. In 
eomparison witli the labor that has bemi nei'ded for other great dismiv- 
eries we may evmi exiiect that the necessary (*tiort will be small. It is 
rather romarkabh' that while in oth(>r branches of physiology such great 
progress has of late been made, our knowledge of the phenomena of 
heredity lias increased but little; though that these phimomena consti- 
tute the >)asi.> of all evolutionary science and thi' very central problem 
of natural history is admitted by all. Nor is this due to the special 
difficulty of such iiuiuiries so much as to general neghad of the subject. 

It is in the hope of indu'dng others to follow thesi* lines of investi- 
gation that I tak(' the pi'oblems of In'redity as the subject of this lec- 
ture to the Royal Horticultural Society. 

No one has betti'r opportuniti(‘s of pursuing such work than horti- 
culturist' and stock breeders. They are daily witnesses of the phe- 
nomena of heredity, d'heir success also dejiends largely on a 
knowhalge of its laws, and obviously every increase in that knowledge 
is of direct and special importance to them. 

The want of systematic study of heredity is due chiefly to misappre- 
hension. It is supposed that such work re(iuires a lifetime. But 
though for ad(M]uat(' study of the complex phenonnma of inheritance 
long periods of time must be necessary, yet in our present state of 

« Kclirintcd 1 ly ]ieriiii.s.'ion i if the autlinr and the jmhlishcr frimi Mendel’s Prin- 
ciiiles Ilf Heredity, a Pefen.-e by W. Bateson, M. A., F. K. S., with a translation of 
Mi-ndel's orieinal paiiers on hybridisation, Cainhridge [F.neland] : At the I'niver- 
sity Pre'-, 1902. 

'' The first lialf of thi' ]ia]ier is rejirinted. « ith addition- and inoditications, from the 
•tonrnal of the Royal Horticultural Soeiety. 1900, Vol. XXV. jiarts 1 and 2. Writ- 
ten almost imnu’diatelv after the rediscovery of Mendel, it will be .seen to Ire 
already in some mea-ure out of date, bnt it niav thn.s serve to show the relation of 
the new coni-eptious to the old. ( Author's footnote to title on page 1 of the 
yirlume. ) 
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deep ignoninee almost of the outline of the facts, observations care- 
fully planned and faithfully carried out for ev'en a few years may pro- 
duce results of great value. In fact, by far the most appreciable and 
definite additions to our knowledge of these matters have been thus 
obtained. 

There is besides some misapprehen.sion as to the kind of knowledge 
which is especially wanted at this time, and as to the modes by which 
we may expect to obtain it. The present paper is written in the ho^ie 
that it may in some degree help to clear the ground of these diflicul- 
ties by a preliminary consideration of the question. How far have we 
got toward an exact knowledge of heredity, and how can we get 
farther i 

Now. this is preeminently a subject in which w’e must distinguish 
what we can do from what we want to do. We want to know the 
whole truth of the matter; we want to know the physical basis, the 
inward and essential nature, "the causes," as the\' are sometimes 
called, of heredity: but we want also to know the laws which the out- 
ward and \ isii)le phenomena obey. 

Let us iH'cognize from the outset that as to the essential nature of 
these phenomena we .still know absolutely nothing. We have no 
glimmering of an idea as to what constitutes the essential process by 
which the likeness of the parent is transmitted to the ofispring. We 
can study the proce.s.ses of fertilization and development in the finest 
detail which the microscope manifests to us, and we may fairly say 
that wo have now a considerable gra.sp of the visible phenomena: )>ut 
of the nature of the physical basis of heredity wo have no conception 
at all. No one has yet any suggestion, working hypothesis, or mental 
picture that has tlius far helped in the slightest degree to penetrate 
beyond what we see. The process is as utterly mysterious to us as a 
Hash of lightning is to a .savage. We do not know what is the essen- 
tial agent in the transmi.ssion of parental characters, not even whether 
it is a mat(*rial agent or not. Not only is our ignorance complete, but 
no one has the remotest idea how to set to work on that part of the 
problem. We are in the .state in which the students of physical science 
were in the period when it was open to anyone to believe that heat 
was a material substance or not. as he chose. 

But apart from any conception of the e.sstmtial modes of transmis- 
sion of characters, we can study the outward facts of the transmi.ssion. 
Here, if our knowledge is still very vague, we are at least beginning 
to see how w(' ought to go to work. Formerly, naturalists were con- 
tent with the collection of numbers of Isolated instances of transmis- 
sion — more especialh% striking and peculiar eases — the sudden appeai’- 
ance of highly prepotent fomis, and the like. We are now passing 
out of that stage. It is not that the interest of particular cases has in 
any way diminished — for such records will alwa3's have their value — 
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but it has beoonu* likely that general expre.ssions will be found capable 
of .sufficient h' wide application to be ju.stly called ‘•‘law.s” of heredity. 
That this is so was till recently due almo.st entirely to the work of 
Mr. F. (falton. to whom we are indebted for the first .s\'stematic 
attempt to enunciate such a law. 

All laws of heredity .so far propounded are of a statistical character 
and have been obtained by stati.stical methods. If wo consider for a 
moment what is actually meant by a “law of heredity" we shall .see 
at once why these iin estigations must follow statistical methods. For 
a "law" of heredity is simply an attempt to declare the course of 
heredity under given conditions. But if we attempt to predicate the 
course of heredity we have to deal with conditions and groups of cau.se.s 
wholly unknown to us. whose pre.sence we can not recognize, and 
who,s(' magnitude wi' can not ('stimate in any ])articular case. The 
course of heredity in particular cases therefore can not ))c foreseen. 

Of the many factors which determine the degn'e to which a gu'en 
character shall tx' present in a given individual oidy one is usuall}^ 
known to us, namely, the degn-e to which that character is present in 
the parents. It is common knowledge that there is not that clo.se cor- 
respondence between parent and offispring which wouhl result were 
this factor tlie only one operating: but that, on the contrary, the 
resemblanct' between the two is oidy an uncertain one. 

In dealing with plieuomena of this class the study of single instance, s 
re\T>als no regularity. It is oidy by collection of facts in great num- 
bers. and liy statistical treatiiu'nt of the ma.ss, that any order or law 
can be perceived. In the case of a chemical reaction, for instance, by 
suitable means the conditions can lu' accurately reiirodiiced, so that in 
every individual case we can predict with certainty that the same 
result will occui’. But with Inueditv it is somewhat as it is in the ca.se 
of the rainfall. No one can say how much rain will fall to-morrow in 
a given place, but we can predict with moderate accuracy how much 
will fall ne.xt year, and for a period of years a prediction can be made 
which accords very closely with the truth. 

Similar predictions can from statistical data Ix' made as to the dura- 
tion of life and a great variety of events, the conditioning cau.ses of 
which are very imperfectly understood. It is predictions of this kind 
that the studv of heredity is beginning to make possible, and in that 
sense laws of heredity can be perceived. 

Mb' are as far as ever from knowing why .some characters are trans- 
mitted. while others are not; nor can anyone yet foretell which indi- 
vidual parent will transmit characters to the offspring and which will 
not; nevertheless the progress made is distinct. 

As yet investigations of this kind have been made in only a few 
instances, the most notable being those of Galton on human stature 

SM Ihod 3d 
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;uk 1 oil the tninsniissioii of colors in Basset hounds. In each of tliese 
eases he has shown that the expectation of inheritance is such that a 
sinipli' arithmetical rule is approximately followed. Thi' rule thus 
arrived at is that of the whole heritage of the offspring the two parents 
together, on an average, eontrihute one-half, the four grand parents 
one-fourth, the eight great grand parents one-eighth, and so on. the 
remaimh'r being contributed by th(‘ remoter ancestors. 

Such a law is obviously of practical importance. In any case to 
which it applies we ought thus to be able to predict the deg'ree with 
which th(' imrity of a strain may be increased by selection in each 
successive generation. 

To take a jierhaps impossibly criuh' example, if a seedling show any 
particular character whiidi it is desired to ffx. on the assumption that 
successi\e self-fertilizations are possible, according to Galton’s law 
the ('X])ectation of ])urity should he in the first generation of self- 
fertilization 1 in 2. in the second generation 3 in 4. in the third T in S, 
and so on.'' 

But already many cases are known to which th(> rule in any simple 
form will not apply. (Jalton points out that it takes no account of 
individual prepotencies. There are. besides, numerous eases in which 
on crossing two varieties the character of one variety almost always 
appears in each member of the first crossbred generation. Examples 
of these will be familiar to those who have experience in such matter.s. 
The offspring of the Polled Angus cow and the Shorthorn bull is 
almost invarialily polled or with very small loose "senrs." Seedlings 
raised bv i-rossing Afrnpn with the yellow-fruited variety 

have without exception the blackish-pur])le fruits of the type. In 
several hairy sfiecies. \\ Inui a cross with a glabrous variety is made, 
the first crossbred generation is altogether hairy. ''' 

Still more nuiiKM-oiis are examples in which the characters of one 
variety very largelv. though not exidusively. predominate in the 
offspring. 

These large chis-.es of exceptions -to go no further - -indicate' that, 
as we might in any case expect, the jirinciple is not of universal ajipli- 
cation. and will need \arious moditieations if it is to be extemh'd to 
more complex cases of iuh(‘ritance of varietal characters. No more 
usi'ful work can be imag-ined than a systematic (h'ti'rmination of the 
precise •’law of heredity” in numbers of particular cases. 

Until lately the uork which (JalLon accomiilishcd stood almost alone 
in this tield. but (piite recently remarkable additions to our knowledge 
of these (|U('stions have been made. In the t ear IPOO. Professor de \T'ies 

latui. (ialtoii ;.:avu a simple <liai;runiniutic n^presentation of liis law in 
Nature, Isps, Vol. LYII. ]». 

^'These wt‘ now repo<riiize a''^ exaiiipl**> of Meii<i(*liau “tlomiiianutb’’ 
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published ii brief aecount" of experiments which he has for several 
j’ears been carrying on. giving results of the highest value. 

The description is very short, and there are several points as to which 
more precise information is necessary, both as to details of procedure 
and as to stattunentof results. Nevertheless, it is impossible to doubt 
that the work as a whole constitutes a marked step forward, and the full 
j)ublication which is promised will In^ awaited with gi’eat interest. 

The work relates to the course of heredity in cases where definite 
varieties differing from eacli other in some one definite character are 
crossed together. The cases are all examples of discontinuous varia- 
tion — that is to say, cases in which actual iidermediates between the 
parent forms are not usually prodiu-ed on crossing.'’' It is shown that 
the subsecpient posterity obtained by self-fertilizing these crossbreds 
or hybrids, or by Itreeding them with each other. Incak up into the 
original i)arent forms accoj'ding to fixed nunu'rical rule. 

Professcjr (h‘ Vib's begin.-, by r(‘ferenc(' to a remarkable memoir by 
(ii-egor Mendel.'' giving the results (»f his experiments in crossing 
varieties of ZV-ve/// xiifii'itm. 'I'liesc' experiments of iNbrndel's were car- 
ried out on a large scale, his account of them is excellent and complete, 
and the ])rinciples which he was able to deduce from them will cer- 
taiidy play a conspicuous part in all future discussions of evolutionary 
problems. It is not a little remarkabh' that Mendel's work should 
hav(' escaped notice and been so long forgotten. 

For the purposes of his experiments Mtmdel s(dectcd -.even pairs of 
characters, as follows: 

1. Shape of ripe seed, whether i-ound or angidar and wrinkled. 

'1. Color of ••eiHlosperm" (eotyhalonsg wlndher some shade of yellow 
or a more or less intense gre(>n. 

3. Color of the sei'd skin, whether various shades of gray and grav- 
brown or white. 

•f. Shape of seeil pod. whether simply inflated oi- deeply constricted 
between the set'ds. 

5. Color of unripe ])od. whether a shade of green or bright yellow. 

t). Nature of inflon'scence. whetlu'r the flowers are arranged along 
the axis of the ])lant or are terminal and form a kind of umbel. 

7. Length of stem, whether about <> or 7 feet long or about three- 
fourths to l.j feet. 

Large numbers of crosses were made between pease ditl'ering in 
respect of one of each of these pairs of characters. It was found that 
in each case the otl'spring of the cross exhibited the character of one of 
the pari'ids in almost nndiminished intensity, and intermediates which 

« ('(iinj)tes Kciiclus, Murcli L’ti, amt Ber. d. Dfiitsdi. Gcs., XVIII, 1900, 

p. s:i. 

f’Tiiis conceptiiin nf iti'cuiitinuity is, nf course, jire-Menileliaii, 

1 Versuche iiti. rtlaiizenhyilrideii" in tlie Verli, d. Xatiirf. Vci. Brunii, IV. LSHo. 



564 THE PROBLEMS OF HEREDITY AND THEIR SOLUTION. 


could not be at once referred to one or other of the parental fornis were 
not found. 

In the ca.se of each pair of characters there is thus one which in the 
lirst cross prevails to the exclusion of the other. This prevailing- 
character INIcndel calls the dominant character, the other being the 
recessive character.'' 

That the existence of such '■dominant” and " recessive" characters 
is a frequent phenomenon in crossbreeding, is well known to all who 
have attended to these subjects. 

By letting the crossbreds fertilize themselves Mendel next rai.sed 
another generation. In this generation were individuals which showed 
the dominant character, but al.so individuals which presented the 
recessive charactei'. »Such a fact al.so was known in a good man\' 
instances. But IMendel di.scovered that in this generation the numer- 
ical proportion of dominants to rece.ssives is on an average of cases 
approximately constant, being in fact as three to one. With very 
considerable i-egularity these numbers wt're approached in the case of 
each of his pairs of characters. 

There are thus in the tir.st generation nii.sed from the crossbreds 75 
per cent dominants and 25 per cent reces.sives. 

These plants were again .self-fertilized, and the offspring of each 
plant separately sown. It next ajipeared that the off.spring of the 
recc.ssives remained pure recessive, and in .subse(juent generations 
never produced the dominant again. 

But when the seeds obtained by .self-fertilizing the dominants were 
examined and sown it was found that the dominants were not all alike, 
but consisted (d' two classes. (1) tho.se which gave rise to pure domi- 
nants. and (2) others which gave a mixed off.spring. composed partly 
of reces.sives. partly of dominants. Here also it was found that the 
average numerical proportions were constant, those with pure domi- 
nant offspring being to those with mixed offspring as one to two. 
Hence it is seen that the 75 per cent dominants are not really of simi- 
lar constitution, but consist of twenty-tive which are pure dominants 
and fifty which arc really crossbreds, though, like the crossbreds rai.sed 
by crossing the two original varieties, they only exhibit the dominant 
character. 

To resume, then, it was found that by self-fertilizing the original 
crossbreds the same proportion was always approached, namely, 25 
dominants, 5U cro.ssbreds. 25 rece.ssives, or iU : 'IDR \ \jR. 

Like the pure recessives, the pure dominants are thenceforth pure, 
and only give rise to dominants in all succeeding generations studied. 

On the contrary the tifty cro.ssbreds. as stated above, have mixed 
offspring. But these offspring, again, in their numerical proportions, 

"Note that by these novel terms the comi>licatioiis involved hy use of the expres- 
sion “ prepotent ” are avoided. 
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follow the .siirac law, namely, that there are three dominants to one 
reeessive. The I’ecessives are pure like those of the last generation, 
but the dominants ean. by furtber self-fertilization, and examination or 
eultivation of the seeds produeed. be again shown to be made up of 
pure dominants and erossbreds in the same proportion of one dominant 
to two erossbreds. 

The process of ])reaking up into the parent foi'ins is tluis continued 
in each successive generation, tlie same numerictd law ladng followed 
so far as has yet been observed. 

Mendel made further experiments with Pixiim crossing 

pairs of varieties which differed from each other in two characters, 
and the results, though necessarily much more complex, showed that 
the law exhibited in the simpler case of pairs differing in respect of 
one character opt'rated here also. 

In the case of the union of varieties All and (tl> differing in two dis- 
tinct pairs of characters, ,1 and u, II and h. of which .1 and /fare 
dominant, n and h recessive, ilendel found that in the first crossbred 
generation therci was only one class of offspring, really Aallb. 

But by reason of the dominanc(' of one character of each pair these 
first crosses were hardly, if at all. distinguishable from AB. 

By h'tting these AuBh'^i fertilize themscdvcs. only four classes of 
offspring seeine<l to be produced, namely, 

AB showing both dominant characters. 

Ab showing dominant .1 and recessive b. 
oB showing recessive <i and dominant J>. 
nb showing both recessive characters a and 1>. 

The numerical proportions in which thes(> class('s appeanul were also 
regulai’ and approached the ratio 

tkl/j '. ?> Ab •. ?>ii B : \nb. 

But on cultivating these plants and allowing them to fertilize them- 
selves it was found that the members of the 


Batios 

1 lib class produce only u//s. 

1 1 uB class may produce either all u/?'s, 
|o nr both n B's and nb's. 

[l Ab class may produce either all .B<'s, 
or both ^l//s and u^/s. 


1 AB class may pi’oduce either all .l/f's. 
i or both .l/>'s and .l/fs. 

h lo or both ABA and u/f's. 

f o/‘ all four possible <dasses again, nanudy. ^17>‘s. MZ>'s. 

iiBA. and ii7>'s. 

and the average numl)er of members of each class will approach the 
ratio 1:6: :> : h as indicated above. 
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The details of these experiments and of others like them made with 
three pairs of differentiating ehai-acters are all set out in Mendel's 
memoir. 

Professor de ^T■ies has worked at the same problem in some dozen 
sjieeies Ixdonging to several genera, using pairs of varieties charac- 
terized by a great number of characters; for instance, color of dowers, 
stems. <u' fruits, hairiness, length of style, and so forth, lie states 
that in all these cases Mendel’s 2U‘inciples are followed. 

The numbers with which Mendel worked, though large, were not 
large enough to give really smooth re.sults;" but vith a few rathtu' 
marked exceptions the observations are remarkably consistent, and 
the apiu'oximation to the numbers demanded by the law is greatest in 
those cases where the largest numbers were used. When we consider, 
besides, that Tschmanak and Correns announce detinite contirmation 
in the case of and de Viies adds the evidence of his long series 

of observations on other s^iecies and orders, there can be no doubt that 
iSIendel's law is a substantial realit}-; though whether some of the 
cases that dejiart most ^videly from it can bo brought within the terms of 
the same ^R'inciple or not. can onl}’ be decided by further experiments. 

One may naturally ask. How can these results be brought into har- 
monv with the facts of hyluidization hitherto known; and if all this is 
true, how is it that others who have carefully studied the jihenomena 
of hybridization ha\e not long ago ^lerceivi'd this law! The answer 
to this question is given by Mendel at some length, and it is. I think, 
satisfactory. H(‘ admits from the first that there are undoubtedlv 
cases of hybrids and cross-breds -which inaintain thmnselves i)ure and 
do not break uj). Such exanqilcs aix* jilainly outside the sco2)e of his 
law. Next he j)oint^ out, what to anyone who has rightly conqire- 
hended the nature' of discontinuity in variation is well known, that the 
variations in each cliaracte'r must be* seiearatt'ly re'garded. In most 
exjieriments in crossing, forms are taken which differ from each other 
in a multitude of characters — some continuous, others discontinuous, 
some cajiable of blending with tlu'ir contraries, while others are not. 
The observer on attenqiting to })erceive any regularity is confused by 
the conn)licutionN thus introduced. IMendel's law, as In' fairly says, 
could only ap{)ear in such cases liy the u.se of overwhelming numbers, 
which are beyond the jiossibilities of pnictical exiierinu'iit. Lastly, no 
previous observer had apjilied a strict statistical method. 

Both thi'se answers should be accej)tab]e to those who have studied 
the facts of vaidation and have a2){ire<'iated the nature of sjiecies in the 
light of those facts. That different species shoidd follow different 

" ProlVst^or Weldon (j>. take.-* great exception t(j tiiis statement, whieli lie 

oonsiderately attributes to “some writers.” After examining the eonrlnsions he 
obtaineil by algebraical study of Mendel’s figures I am disposed to think my state- 
ment not very far out. 
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lawh and that the same hnv should not apply to all charaett'rs alike is 
exactly what we have every rijiht to expect. It will also l)e onnein- 
bered that the principle' is only explicitly declared to apply to discon- 
tinuons characters." As state'd also, it can only be true where 
reciprewal crossings lead to the same result. ^Moreover, it can only be 
tested wlu'u there is no sensible diminution in fertility on crossing. 

I'pon the appearance of di' Vries’s paper announcine- fin' "redis- 
covery" and contirmation of Mendel's law and its ('xtension to a great 
juiniber of cast's, two otht'r observers came forward almost simultane- 
ously and independently di'scribed series of t'.xperiments fully continu- 
ing iMendel's work. Of tlit'se jtapt'rs tin' first is that of Corrt'us, who 
repeated Mendel's original t'xpt'riment with pi'ast' having- set'ds of dif- 
ferent colors. 'I'he secontl is n long and \i'ry valuable memoir of 
Tschermak. which givt's an account of t'laborati' rt'searches into the 
results of crossing a number of varieties of /V.ve/;/ xiifinnu. These 
expt'rimi'uts were in many cases carrit'd out on a large scale, and jirove 
the main fact enunciated by ilendel beyond any possibility of con- 
tradictitm. 'I'he more I'xhaustivt' of tlu'st' ri'st'arches an' those' of 
Tschermak on peas and t'orrens on several varietii's of maize. Both 
these elaboratt' invt'stigatioiis have abundantly pro\t'd tin' gent'ral 
applicability of iMendel's law to the charaett'r of thi' plants studied, 
though both indicatt' soiiit' few ext't'ptions. Tlu' dt'tails of de \'rii's's 
expi'riments are promised in the second \-olunn' of his most valuable 
Miitaiioiixihi'iirli . Correns in regard to maize and 'I'scliermak in the 
cast' t)f KKttriiiii have obtained furtln'r ju'oof that Mi'iidi'l's law 
holds as well in the case of varieties ditiering from each other in two 
pairs of characters, one of c'ach jiair bi'ing dominant, though of course 
a moi'i' complicated expression is needed in such cases.'' 

fhat w(' are in the pn'si'iici' of a new principle of tin' higln'st impor- 
tance is manife.st. To what further conclusions it may lead us <-an not 
yet be foretold. But both Mendel and the authors who havi' followed 
him lay stress on on<' conclusion, which will at t^mce suggi'st itself to 
anyone who reflects on the facts. For it will be seen that the I’esults 
an' such as wi' might expect if it be imagined that the cross-brt'd plant 
produced pollen grains and egg cells, each of which bears only one of 
tlu' alt('rnativ(' varic'tal charai'ters and not both. If this were so. and 
if on an average the same number of pollen grains and egg cells trans- 
mit each of tin' two characti'i's. it is clear that on a random assortment 
of ])ollen grains and egg ci'lls Tlendcl's law would be obeyt'd. For 25 
per cent of ■■ dominant " pollen grains would uniti' with 2.5 j)er c('nt 

" Sfc later. 

Tsi'heriuak's investiiratiens were t)esiiles ilireetcil tn a reexaiiiination nf tlie qucs- 
tiiin of the alM'uci' of hi'iielicial results on l■ross-fertili/.ine /’. siillruiii, a suhject 
alreaily much investiaattil by Darwin, ainl uihiu tliis matter also important turther 
e\ ideiiee is eiveii in great iletail. 
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“■ dominant " (‘o-o- cells; 25 per cent ‘•recessive” pollen j^'rains would 
similarly unite with 25 per cent “recessive" egg cells; while the 
remaining 5t» per cent of each kind would unite together. It is this 
consideration which leads both IMendel and those who have followed 
him to assert that these facts of cro.ssing prove that each egg cell and 
each pollen grain is pure in respect of each chai'acter to which the law 
applies. It is highh’ desirable that varieties differing in the form of 
their pollen should be made the subject of these expei’iments, for it is 
quite possible that in such a case strong confirmation of this deduction 
might be obtained. [Preliminary trials madt' with reference to this 
point have so far given negative results. Kemembering that a pollen 
ginin is not a germ cell, but only a bearer of a germ cell, the hope of 
seeing pollen grains differentiated according to the characters they 
bear is probabh’ remote. Better hopes may perhaps be entertained 
in regard to spermatozoa, or possibly female cells.] 

As an objection to the deduction of purity of germ cells, however, 
it is to he noted that though true intcrmediati's did not generally occur, 
yet the intensity in which the characters appeared did vary in degree, 
and it is not easy to see how the hypothesis of perfect purity in the 
reproductive cells can be supported in such cases. Be this, however, 
as it may, there is no doubt we are beginning to get new lights of a 
most valuable kind on the nature of heredity and the laws which it 
obei's. It is to be hoped that these indications will be at once followed 
up bj’ independent workers. Enough has been said to .show how 
necessary it is that the subjects of e.xperiment should be chosen in .such 
a way as to bring the laws of heredity to a real test. For this pur- 
pose the first e.sscntial is that the differentiating characters .should be 
few, and that all avoidable complications should be got rid of. Each 
experiment should he reduced to its simplest possible limits. The 
results obtained by (Jalton, and also the new ones especially described 
in this paper, have each been reached by restricting the range of 
observation to one character or group of characters, and it is certain 
that bj' similar treatment our knowledge of heredity may be I'apidly 
extended. 

To the above popular presentation of the essential facts, made for 
an audience not strictly scientific, some addition. howe\'er brief, is 
called for. First, in regard to the law of ancestry, spoken of on a 
preceding page. Those who are ac<piainted with Pearson’s Grammar 
of Science, second edition, published early in IhOh. the .same author's 
paper in Proceedings Royal Society, volume fifi. ISOO. page 140, or the 
extensive memoir (published October. 1000). on the inheritance of 
coat color in horses and eye color in man (Phil. Trans.. 195. A. 1!M)0, 
p. 79), will not need to be told that the few words 1 have given al)ove 
constitute a most impeid'ect diagram of tlu' operations of that law as 
now developed. Until tin* appearance of thivse treati.ses it was, 1 
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believe, oeneviilly considered tli:it the law of ancestral heredity was 
to he taken us upplyinjj' to phenomena like these (coat color, ei'o color, 
etc.) where th(' inht'ritance is generally alternative, as well as to the 
phenomena of Ijlended inheritance. 

Pearson, in the writings referred to, besides withdrawing other 
large categories fif jihenomena from the scope of its operations, points 
out that the law of ancestral In'redity dcx's not satisfactorily express 
the cases of alteiaiative inlieritance. He urges, and w'ith reason, that 
these classes of pln'iiomena should Ik* sc'parately dealt with. 

The whole issue as regards the \arions possibiliti('s of hereditv now 
recognized will be made clearei- by a very brief exposition of the 
several coiuu'ptions involvtal. 

If an organism producing germ-cells of a given constitution, 
uniform in respect of the characters they btair, bre(‘ds with another 
organism " luairing jnveisely similar germ-cells, the otfspring resulting 
will, if the conditions aie idcudical, b(“ unifoi'in. 

In ])raidice such a phenomenon is seen in pure' bi'ecding. It is true 
that we know no case in nature wher<> all the germ-cells are thus 
identical, and where no \ai'iatlon takes place beyond what we can 
attribute to conditions, but we know many case's where such a result 
is approached, and very many where all the ('sse'ntial features which 
we regard as cejiistituting the characters of the breed are reproduced 
with approximat*' ce'rtainty iti ('very nn'inlM'r of the ])ure-bred race, 
which thus closely apieroach to uniformity. 

But if two germ-cells of dissimilar constitution unite in fertilization, 
what oft, spring are we to expect f'' First let us premise that the 
answer to this qiu'stion is known expei-imentally to dift'er for many 
organisms and for many class('s of characters, and may almost cer- 
tainly b(' in part (h'termiiu'd by ('xtt'rnal circumstances. But omitting 
the last (lualitication. c('rt;un princii)h'.s ari' now clearly detected, 
though what principle will apply in any giv('n case can only be 
det('rmin('d by direct ('xp('riment mad(' with that ease. 

This is the phenomenon of cro.ss breeding. As generally u.sed, this 
term mt'ans the union of mendx'rs of dissimilar vari('ti('s. or species; 
though whi'ii dissimilar gametes'' produced by two individuals of the 
saiiK' vari('ty unite in f('rtilization. we have ('ssentially cross breeding 
in D'speet of the character or characters in which those gametes 
dift'er. W<' wilt suppose, as befon'. that tlu'si' two gametes bearing 

"Fur siiriiilicity tlu' case nf sclt-lcrtili/atiini i> miiitti'ii fri,m this consiileration. 

''Ill all tlu' ca.st'S (liscus.seil it is as,snim-il that the 'jratnetes are similar except in 
regaril tn tlu' ‘‘lieritaL’e” they hear, and that no original variation is taking place. 
The ease of mosaics is also left wholly out of account I see later). 

''The term “gamete" is now gi'iierally used as the eijiiivaleiit of “germ-cell,’’ 
whether mule or female, and the term “zygote” is here used for brevity to denote 
tin' organism resulting from fertilization. 
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properties unlike in respect of :i given elitirncter are borne oy 
diti'erent individuals. 

In the siin])lest case, supposi' a g-auu'te from an individual present- 
ing- any eharaeter in int(uisity ^1 unite in fei'tilization with another 
from an individual presenting; the same character in intensitv n. For 
brevity s sake we may call the parent individuals and o and the 
resulting- zygote .lu. What will the structure of he in reg-ard to 
tln> ( haracter we are considering! 

Fp to Mendel no oiu- proposed to answer this question in any other 
way than by reference to the intensity of the character in the prog-en- 
itors and primarily in the pai-ents, ^I and u, in whose bodies the 
gametes hacl h(>en develo])ed. It was well known that such a rcder- 
(>nee gave a v(‘ry poor indication of what Ati would be. Both ^1 and 
<t may come fn)m a population coiisisting of individuals manifesting- 
the same ehai'ac-ter in various intensities. In the pedigree of either A 
or ii thes(' various inten.'-itics may have t)(-(-urred few or manv times. 
Common ex])erience leads us to expe»-t the probabilitv in rt‘g-ard to 
An to he influenced by this history. Tin- next step is that which 
Cjalton took. He extended the reference beyond the immediate par- 
ents of ^In to its grandparents, great-g-randparents. and so on. and in 
the cases he studied he found that from a knowledg-i- of the intensity 
in whi(-h the given v-haractm- was manib'sted in each progenitor, even 
for some few generations l)a(-k. a fairly a<-curate prediction could ])e 
made, not as to the (-hai-a(-ter of any individual An, but as to the aver- 
age eh-aracter of Ju's of similar parentage in general. 

But suppose that iustc-ad of indivivluals ])resenting one character in 
dittering intensities, two individuals breed together, distinguished by 
characters which we know to be mutually exclusive, such as J and B, 
Here again we may speak of the individuals prodiu-ing the gametes as 
-I and /y and the n'sulting zygote as All. What will A?! be like? 
Th(' population here again may consist of many ]ik(‘ .1 and like B. 
d hese t\\ o forms may have i)een breeding- together indisi-riminatelv, 
and there may have bi-en many oi- few of either tvjie in the p(Hligree 
of either ^1 or /y. 

Here again (ialton ai)plied his method with remarkabh- su(-(-ess. 
Kefei-i-ing to the progenitors of A and A', determining how many of 
each tyi)e there w(>re in the direct pedigree of .1 and of 11, he -arrived 
at the same formula as before, with the simple ditb-rence that instead 
of expressing tin- probable avi-rage intensity of one (-haracti'r in sev- 
eral individuals, the pi-ediction is givc-n in terms of tin- i)rol)al)le num- 
ber of .1 s and A s that would n-sult on an averag(‘ when partic-ular 
H's and /i's of known pc-digree breed together. 

I lie law as (Ialton giv(>s it is as follows: 

It is that the two parents (-ontribute between them on tin- avi'rag’c- 
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one-half or (O.o) of the total heritage of the ottspriug; the four grand- 
parents. one (quarter oi' (O.!))-; the eight gi'i'at-grandparents, one- 
eighth or (O.;-))'*, and so on. Then the sum of the ancestral 
contributions is expressed by the series 

{(0.5) + (0.5f (0.5)-’. etc.}. 

which. l>eing equal to 1. accounts for the wholi' heritage." 

1 n the former case where ^ 1 and <t are characters which can he denoted 
b}' reference to a common scale, the law assumes of course that the 
inheritance will be, to use Gallon's term, blended; namely, that the 
zygote resulting from the union of witlm/ will on the average be 
more like a than if ,1 had been united Vvith A; and. conversely, that 
an Aa zygob* will on the average b<‘ more like than an ai/ zygote 
would be. 

But in the case of ^i's and 7>'s, which are assumc'd to be mutually 
exclusiv’e characters, wc can not speak of bhuiding. but rather, to use 
Gallon's term, of alternative inheritama'. 

Pearson, tinding that the law. whether formulated thus or in the 
moditied form in which he restated it." did not express the phenomena 
of alternative inheritaiua* known to him with suhicimit accuracy to 
justify its strict application to them, and also on general grounds pro- 
posed that the phenomena of blemh'd and altei’iiative inlu'ritance 
should be treated apart — a suggestion'' the wisdom of which can 
scarcely be questioned. 

Now the law thus imperfectly set forth and every moditication of it 
is incomplete in one respect. It deals oi\ly with the characters of the 
resulting zygotes and predicates nothing in regard to the gametes 
which go to form them. A good prediction may be made as to any 
given group of zygotes, but the various possible constitutions of the 
gametes are not exjilicitly treated. 

Nevertheless a definite assumption is implicitly made regarding the 
gametes. It is not in question that dill'erences between these gametes 
may occur in respect of the heritage they bear, yet it is as-umed that 
these differences will be distributed among the gametes of any indi- 
vidual zygote in such a way that each gamete remains capal)le on fer- 
tilization of transmitting all the characters (both of the parent zygote 
and of its progenitors) to the zygote which it then contiibutes to form 
(and to the posterity of that zygote) in the intensity indicated by the 
law. Hence, the gametes of any individual are taken as collectively a 
fair sample of all the racial characters in their appropriate intensities, 
and this theoiw demands that there shall have l)een no qualitative 
redistribution of characters among the gametes of any zygot(> in such 

"In Pearson’s niodilication the i)arcnts cimtrilmtc U.Ci, the trraiK I parents, 0.15, the 
irreat-granilparents 0.075. 

I'isee the works referre<i to above. 
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•cV way that soiiio yainati's shall ho tiiially oxcludod from partaking of 
and transuiittino- any s])eoitic ])art of the heritaoe. The theory further 
demands- and l)y tlie analogy of wliat we know otherwise not only of 
animals and plants, hut of physical or chemical laws, perhaps this is 
the most serious assumption of all — that the structure of the gametes 
shidl adnut of their ladng capable of transmitting any character in any 
intensity varying from zero to totality with eipial laise, and that 
gametes of each intensity are all (Equally likely to occur, given a pedi- 
gr(‘(> of appro])riate arithmetical composition. 

Such an assumption appears so improhahle that even in cases where 
the facts seem as yet to point to this conclusion with exceptional clear- 
ness, as in the case of human stature. T can not hut fetd there is still 
room for reserve of judgment. 

However this may he, the law of ance.stral heredity and all modifi- 
cations of it y('t j)i’oposed falls short in the respect specified above — 
that it does not directly attempt to give any account of the distribution 
of the heritage among the gametes of any one individual. 

Mendtd's conception dirt'ers fundamentally from that involved in the 
law of ancestral heredity. The relation of his hypothesis to the fore- 
going may he most easily shown if we considm- it first in application 
to the phenomena resulting from the cross breeding of two pure 
varieties. 

Let us again consider the ca.se of two varieties, each displaying the 
•same character, but in the respective intimsitie.s A and a. Each gamete 
of the A variety bears ^1, and each gamete of the a variety ))ears a, 
'When they unite in fertilization they form the zygoti' Aa. What will 
be its characters i The IMendelian teaching would reply that this can 
only be known by direct (“xperiment with the two forms ^1 and u, and 
that the characters .1 and u ])erceived in those two forms or varieties 
need not give any indication as to the charact(n- of the zygote An. It 
may display the character or o or a character halfwav betw(a‘n the 
two, or a character beyond A or below //. The character of Hu is 
not regarded as a heritage transmitted to it by H and by a, but as a 
character special and peculiar to .lu, just as Nat 'I is mg a body half- 
way between sodium and chlorine, or such that its prop(‘rties can be 
predicted from or easily stated in terms of theirs. 

If a conclude case may help, a tall ])ea .1 ci'ossed with a dwarf u often 
produces not a plant having the height of either H or u. but some- 
thing taller than the jjan* tall variety ^1. 

Hut if tht> case <jbeys tin' ^lendelian pi'inciples — as does that here 
cpioted then it can be declared, fii’st, that the gametes of Aa will not 
be bearers of th(' charact<'r proper to .b/,‘ but, generally speaking', 
each gamet(' will either l)ear the pure .1 chaiacter or tin' jmre a char- 
acter. dhere will in fact be a redistril)ution of the characters brought 
in by th(' gametes which united to form the zygote ..lu. such that each 
gamete of An is piiro. as the ])arental gametes wi'i'i'. Si'condly, this 
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redi.strihutiun will tu'cur in such a way that of the wiinictes produced 
by such on an averao-c there will be equal miinbei-s of A g-aniete.s 

and of 1 / jiainetes. 

Consequently if breed toj^etlier, the new wanietes lua}' meet 
each other in fertilization, forming a zywote ^Ll. namely, the pure A 
varic'ty ayain. Similarly two a oaiiiet(‘s may meet and form aa, or the 
pure n variety again. But if an gamete meet.s an n, it will once 
more form ^ In, with its special character. This ^hf is the. hybrid or 
“mule" form, or, as 1 hav(' ctsewhero i-alled it, the heterozygote, as 
distinguished from ,Li or im the homozvgotes. 

Similarly if tin' two g-ametes of two varieties distinguished by char- 
acters A and Jl. which can not be described in terms of any com- 
mon scale — such as. for example, the "rose" and •■single" combs of 
fowls — unite in fertilization, again the chara< ter of the mule form can 
not be predicted. Before the ex})criment is made the ••mule" may 
present any form. Its <;haracter or properties can as yet be no more 
predicted than could those of the compounds of unknown elements 
before the discovery of the periodic law. 

But again — if the case be Mendelian — the gametes borne by AB will 
be either ..I's or /f's. ' and the cross-bred .l/f's brei'ding together will 
form ^-l^l's. AB'a, and BB'>. IMoreover. if. as in the normal Mendc- 
lian ease, ^IZf's bear on an average ('([ual nunibers of .1 gametes and 
B gametes, the numerical ratio of these resulting zygotes to each 
other will be 

L .1.1 : 2 .17/ : 1 BB. 

ha\ e seen that Mendel makes ikj prediction as to the outward 
and visible characters of .!/>. but only as to tin' ('sscntial constitution 
and statistii-al condition of its gametes in regard to the characters .1 
and Jj. Ne\ ertheless in a large number of cases the character of AB 
is known to fall into one of three categories (omitting mosaii's). 

(1) Idle cross-bred may almost always resemble one of its jjure par- 
ents so closely as to be practically indistinguishable from that pure 
form, as in the case of the yellow cotyledon-color of certain varieties 
of peas when crossed with green-cotyledoned varieties; in which case 
the })arcnlal character, yellow, thus manifested by the cross bred is 
called ‘■■dominant." and the parental character, grt'cn. not manifested, 
is called recessiw. 

(2) The crossbred may i)resent some condition interm('diat(> between 
the two pari'iittd forms, in whieh case W’e may still retain the term 
“blend" as ai)plied to the zygote. 

Such an ’• intermediat('" may be the apparent mean between the two 
parenhd forms, or he neari'r to one or other in any dt'gree. Such a 

"This conception was clearly fornied by Xaudiii simultanecmsly with Mendel, but 
it WHS not wanked out by him and remained a mere sujr.ircstiou. In one jdace also 
Focke came very near to the same idea. (See Bibliography.! 
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case is that of a cross between a rich crimson magenta Chinese prim- 
rose and a clear white, giving a flower of a color appropriately 
described as a '■ washy” magenta. 

(3) The crossbred may present some form cjuite difl'erent from that of 
either pure parent. Though, as has been stated, nothing can be pre- 
dicted of an unknown case, we already know a considerable number 
of examples of this nature in which the mule form approaches some- 
times with great accuracy to that of a putative ancestor, near or 
remote. It is scarcely possible to doubt that several — though perhaps 
not all — of Darwin's “reversions on cro.ssing" were of this nature. 

Such a case is that of the “wild gray mouse” produced by the 
union of an albino tame mou.se and a piebald Japanese mouse." 
These “ revei'sionary " mice bred together produce the parental tame 
types, some other types, and “reversionary" mice again. 

From what has been said it will now be clear that the applicability 
of th(' .Mendelian liypothesis has, intrin.sically, nothing whatever to 
do with tli(' (|uestion of the inheritance being blended or alternative. 
In fact, as soon as the relation of zi'gote characters to gamete charac- 
ters is appreciated, it is difScult to see any reason for .supposing that 
th(' manifi'station of characters seen in the zygotes .should give any 
indication as to their mode of allotment among the gametes. 

On a previous occasion I pointed out that the terms ‘‘heredity” 
and “inheritance" arc founded on a misapplication of metaphor, and 
in the light of our present knowledge it is becoming clearer that the 
ideas of “transmission " of a character by parent to oftspring, or of 
there being any “contribution" made by an ancestor to its posterity, 
must only !)e admitted under the strictest reserve, and merely as 
descriptive terms. 

We ar(' now presented with .some entirely new conceptions: 

(1) TTie purity of the gametes in i-egard to certain characters. 

(•J) The distinction of all zygotes according as they are or are not 
formed by the union of like or unlike gametes. In the formei' i-ase, 
apart from variation, they breed true when mated with their like; in 
th(> latter case tlndr otlspring. collectively, will be heterogeneous. 

(:>) If the zygote be formed by the muon of dissimilar gametes, wo 
may uumT the })heuomenou of (</) dominant and recessive charac- 
ters: (//) a blend form: (r) a form distinct from either parent, often 
reversionary.'' 

"Sfo Mill (iuaita, Her. Naturf. Hes. Ereitmrtr, X. ]S!»S, and XI, IS!)!), ([noted by 
Professor Weldon (see later). 

''This fact snttieiently indicates the difficulties involved in a superticial treatment 
of the [ihenonienon of reversion. To call such reversions as those named above 
“returns t<( ancestral ty]ie“ wotdd be. if more than a descriptive phrase were 
intended, ([uite misleadinjr. It is not the ance.stral tyj)e that has comeback, but 
sometbino else has come in its [ruise, as the oftsiiriiif; presently pnjve. For the first 
time we thus begin to get a rationale of “reversion,” 
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But there are additional and even more sio-niheant deductions from 
the facts. We have seen that the jfanietes are dift'erentiated in respect 
of pure characters. Of these pure characters thei’o may conceivably 
be any number associated together in one organism. In the pea Men- 
del detected at least seven — not all seen by him combined in the same 
plant; but there is every likelihood that they are all capable of being 
thus combined. 

Each such character, which is capable of being dissociated or replaced 
by its contrary, must henceforth he conceived of as a distinct unit 
character: and as we know that the several unit characters are of such 
a nature that any one of them is <-apable of independentlv displacing 
or being displaced l)v one or more altei'iiative characters taken singly, 
we may recognize' this fact by naming such luiitcliaracters allelomorphs. 
So far we know very little of any allelomorphs existing otherwise 
than as pairs of e'ontraries, but this is ])robably merely due to experi- 
iiK'iital limitations and the rudimentary state of our knowledge. 

In one case (combs of fowls) we know three' character.s — pea comb, 
rose comb, and single comb, eef whieli pea and single, or rose and sin- 
gle. behave toward each other sis a pair of -allelomorphs, but of the 
behavieer eif pe-a and I'ose teeward ciich eether we know as yet nothing. 

\Ve' ha\ e lu) reaseen as ye't tor atHi'ining that any i)l)enomenon prop- 
erly describe'el as displae-e'iuent e»f one alh'lomeirph )>y another occurs, 
though the metapheer may be a useful one. In all cases where domi- 
nance has been perceived we can affirm that tlie members of the 
allelomorphic pair stand to each other in a !’eIation the nature of which 
we arc' as yet wholly unal)h' to apprehend or illustrate. 

To the new conceptions alrc'ady enumerated we may therefore add; 

(I) Unit characters, of whic-h some, when once arisen by variation, 
are alternative to each other in tin* constitution of the gametes, 
according to a definite systc'in. 

From th(' relati(>ns sul>sisting betwc'c'ii these characters it follows 
that as each zygotic union of allelomorphs is resolved on the formation 
of the gametes, no zygote can give ri'-e to gametes collectively repre- 
.senting more than two characters allelomorphic to each other, apart 
from new lariation. 

From the fai-t of the existence of the interchangeable characters we 
must, for ])urpost'> of treatment and to conqilete the possibilities, nec- 
essarily form the conception of an irresoluble base, though whether 
such a conct'ption lias any objective reality we have no means as yet of 
determining. 

We have now .--een that when the varieties ^1 and B are crossed 
tog-ether, the lu'ti'rozygote AB jiroduces gametes bearing the pure A 
characti'i- and the pure B charac-ter. In such a case we speak of such 
clmracti'i-s as simph' allelomorphs. In many cases, however, a more 
comjilex pln'iiomenon hapjiens. The charai-ter brought in on fertili- 
zation by one or other parent may be of such a nature that when the 
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z 3 ’gote forms its o-jimetes, these are not individually bearers inerelj" 
of A and B, but of a number of characters themselves ao'ain integral, 
which in, say ^1. behaved as one character so long' as its gametes united 
in fertilization with others like themselves, but on cross fertilization 
arc resolved and i-edistributed among the gametes produced by the 
cross-bred zygote. 

In such a case we call tin' character ^1 a compound allelomorph, and 
we can speak of the integral characters which constitute it as In'pallelo- 
morphs. "\Ye ought to write the heterozygote {AA' A" ...) B and the 
gametes produced by it may be of the form ^1. ^1'. .1". .1"',... B. Or 
the resolution may be incomplete in \ arious degrees, as we already 
suspect from certain instances; in which case we may have gametes 
.1, AA", A'" A"", .r.l'kr,... />, and so on. Each of these may meet 
a similar or a dissimilar gamete in fertilization, forming either a homo- 
zygote or a heterozygoto with its distinct properties. 

In the case of compound allelomorphs we know as yet nothing of 
the statistical K'lations of the several gametes. 

Thus we have the conception 

(o) of a Compound character, borne by one gamete, transmitted 
entire as a single character so long as fertilization only occurs between 
like gametes, or is, in other words, •‘symmetrical:" but if fertilization 
take place with a dissimilar gamete (or ])ossibly Iw othej- causes), 
resolved into integral constituent charactei’s. each separately trans- 
missible. 

Next, as. by the union of the gametes Ix'aring the ^■arious hypallelo- 
morphs with other such gametes, or with gametes bearing simple 
allelomorphs, in fertilization, a number of new zygotes will be formed, 
such as may not have been st'en l)efore in the breed. These willine'. i- 
tably be spoken of as varieties: and it is difficult not to extend the 
idea of variation to them. To distinguish these fi'om other varia- 
tions— which there must surely be — we may call them 

(d) Analytical variations in contradistinction to 

(7) Synthetical variations, occurring not by the separation of pre- 
existing constituent characters, but by tlu' addition of new characters. 

Lastly, it is impossible to be presented with tlx' fact that in Ylendc- 
lian cases the crossljred produces oti an as'i'rage etpial numbers of 
gametes of each kind — that is to suy. a symmetrical n'sult without 
suspecting that this fact must tH)rre.spond with some synmn'trical figure 
of distribution of those gametes in the cell divisions by which they 
are produced. 

At the present time these are the main conci'ptions — though by no 
means all- -arising directly from YIend('rs work, d'he first si.x are all 
more or less clearly embodied by him, though not in every case devel- 
oped in accordance with modern knowledge. The seventh is not a 
Mendelian conception, but the facts before us justify its inclusion in 
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the at)ovo list, though for the present it is little more than a mere sur- 
mise. 

In Mendelian eases it will now he perceived that all the zygotes 
comjjosing the population consist of a limited number of possible 
types, each of definite constitution, bearing gametes also of a limited 
and detinite number of types, and detinite constitution in respect of 
preexisting characters. It is now evident that in such cases each se\'- 
ei’al progenitor need not be brought to account in reckoning the jirob- 
able characters of each descendant; for the gametes of crossbreds are 
ditierentiated at each siu-c(>ssive generation, .some parental (Mendelian) 
characters being left out in the composition of eacdi gamete produced 
by a zygote arising" Iw the union of bearers of opposite allelomorphs. 

IVhen from these considerations we return to the phenomena com- 
prised in the law of ancestral heredity, what certainty have Me that 
the same conceptions are not applicable there also t 

It has now been .shoM’n that the question whether in the cro.ssbred 
zygotes in general the characters blend or are mutually exclusive is an 
entirely subonlinate out', and distinctions with regard to the es.sential 
nature of heredity based on these circumstances become irrelevant. 

In the case of a population presenting continuous variation in regard 
to. .say, stature, it is easy to see how' j)urity of the gaun'tes in re.spect of 
any intensities of that character might not in ordinary circiim.stances 
be capable of detection. There are doubtle.ss more than two pure 
gametic forms of this character, but there may (luite eonceivid>ly be 
six or eight. When it is remembered that each heterozygous combi- 
nation of any two may have its own appropriate stature, and that 
such a character is distinctly dependent on external condition.s, the 
iiK're fai't that tlie observed curves of stature give ‘"chance distribu- 
tions " is not surprising and may .still be comjvatible M"ith purity of 
gametes in respect of ('('rtaiii pure types. In peas { P. .sat iriatt), for 
example, from ^lendel's work we know that the tall forms and the 
extreme dwarf forms exhibit g":unetic purity. I have .seen at Me.ssrs. 
Sutton’s strong evidence of the .same nature in the case of the tall 
swe(‘t pea (Liithijnin oditrutn-'y) and th<‘ dwarf or procumbent “Cupid” 
form. 

But in the case of the sweet pea we know at least one pure form of 
detinitely intermediate height, and in the case of P. xiifiruut there are 
many. When the extreme types breed together it will be remembered 
the luderozygote commonly exceeds the taller in height. In the next 
generation, since there is in the case of extreme.s, so much margin 
between the types of the two pure forms, the return of the offspring to 
the three forms, of which two are homozygous and one heterozygous, 
is clearh' perceptible. 

If. however, instead of pure extreme varieties, we were to take a 
pair of varieties differing normally by only a foot or two, "vve might, 

sii lbb2 37 
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owing' to the ina.-^king efl'eots of eonditions, etc., have great difficulty 
in distinguishing the tliroe forms in the second generation. There 
would. l)esides. he twice as many heterozygous individuals as homo- 
zygous individuals of each kind, giving a svmmetrical distribution of 
heights, and who might not — in pre-Mendelian days — have accepted 
such evidence, made still less clear by influence of conditions, as 
proof of continuous variation botli of zygotes and gametes' 

Suppose, then, that instead of two pure types, we had six or eight 
breeding together, each pair forming their own heterozygote, there 
would be a very remote chance of such purity or fixity of type, whether 
of gamete or zvgote. being detected. 

Dominance, as we have seen, is merely a phenomenon incidental to 
specific cases, between which no other common property has yet been 
perceived. In the jihenomena of blended inheritance we clearly have 
no dominance. In the cases of alternative inheritance studied by 
Galton and Pearson there is «‘vidently no universal dominance. From 
the tables of Basset hound pedigret's there is ch-arly no definite domi- 
nance of either of the coat colors. In the case of eye color the pub- 
lished tables do not. so far as I have discovered, furnish the material 
for a decision, though it is .scarcely po.ssible the phenomenon, even if 
only occasional, could have been oviulooked. W(' must take it, then, 
there is no sensible dominance in the.se cases; but whether there is or 
is not sensil)le gametic puritv is an altogether different question, which. 
.'O far as I can judge, is as yet untouched. It may perfect]}' well be 
that we shall bi' compdhal to recognize that in man}' cases there is no 
such purit}'. and that the diai-acters may be carried by the gametes in 
any proportion from zero to totality, just as somi' substances may be 
carried in a solution in any proportion from zero to saturation without 
discontinuous cliang(' of [U'opi'rties. Ihat this ma}' be found triu' in 
some cases i>, on an} h}'[)othesi.s. certain: but to j)ro\'e the fact for any 
given case will b»' an exceedingly difficult operation, and I scarcely 
think it has been yet carried through in such a way as to leave no 
room for doid)t. 

t’oin'ersely. the alisolute and universal purity of the gametes has 
certainly not yet been detei'mined for any case: not e\ en in those cases 
where it looks most likely that such universal purity exists. Impair- 
ment of such purity wo may conceive either to occur in the form of 
mosaic gametes, or of gameti's with l)lended properti(‘s. On analogy 
and from direct evid(mce we have iwt'i'v right to Ixdieve that gametes 
ol both tlu'se (lasses may occur iu rare and (‘.xceptional cases, of as 
yet unexplored nature." but such a phenomenon will not diminish the 
significance of ol)served juiritv. 

" It will hr uirlcrsteiMl frimi wliat follows ttiat the existence of mosaic zygotes is no 
proof that either component gamete was mo.“aic. 
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We have now seen the essential nature of the Mendelian prineiples 
and are able to appreciate the exact relation in which they stand to 
the oToup of cas('s included in the law of anc('stral heredity. In 
seeking any general indication as to the coniinon j)roperties of the 
phenomena which are alread}' known to obev Mendelian principles we 
can as yet point to none, aiul whether some such common features 
exist or not is unknown. 

There is, however, one group of cases, definite though as yet not 
numerous, where we know that the Mendelian principles do not apph’. 
These are the phenomena upon which Mendel touches in his brief 
paper on Hieraciuni. As he there states, the hybrids, if thi'y are fertile 
at all, produce offspring like themselves, not like tlndr parents. In 
further illustration of this phenomenon he cites ^Vichura's Salix hybrids. 
Perhaps some dozen other such illustrations could be given which rest 
on good evidence. To these cases the Mendcdian principle will in 
no wise apply, nor is it easy to conceive any modification of the law 
of ancestral heredity which can expn'ss tlnmi. 'Phere the matter at 
present rests. Among these cases, however, we perceive several more 
or less common features. They are often, though not always, hybrids 
between forms differing in many characters. The first cross fre- 
(juently is not the exact iutermediate betw(>en the two i)arental types, 
but may, as in the few Hicracimn cases. b(> irri'gular in this ii'spect. 
There is often some degree of sterility. In the absence of fuller and 
statistical knowledge of such cases further discussit)n is im))ossible. 

Another class of cases, untouched by any hypothesis of lu'redity yet 
propounded, is that of the false hyf)nds of .Millai’det, where we have 
fertilization without transmissio!i of one or several i)arental characters. 
In these not only does the first cross show, in some respect, the char- 
acter or characters of one pareiit only, but in its posterity no reap- 
pearance of the lost characti'r or characters is obsei-\ ed. The natui'c 
of such cases is still (piite obsiaire, but we have to suppose that the 
allelomorph of one gamete only develops after fertilization to the exclu- 
sion of the corresponding allelomorph of the other gamete, much — if 
th(' crudity of the ('omparison may be pardoned — as occurs on the 
female side' in parthenogenesis without fertilization at all. 

To these as yet altogether uneonformable cases we can scarcely 
doubt that further experiment will add many more. Indeed, we 
already have tolerably clear evidence that many phenomena of inherit- 
ance are of a much higher order of complexity. IVlnm th(‘ paper on 
Pisum was writtmi IMendel apparently inclined to the view that with 
modifications his law might ))e found to include all the phenomena of 
hybridization, but in the brief subsetpient jjaper on Hieraciuni he 
clearly recognized the existence of cases of a diffeiamt nature. Those 
who read that contribution will be iuteri'sted to see that he lavs down 
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a principle whicli may be extended from h3 l)ridization to heredity in 
general, that the laws of each new case must be determined by separate 
experiment. 

As regards th(' Mendel ian principles, which it is the chief aim of 
this introduction to present clearly before the reader, a professed 
student of variation will easily be able to fill in the outline now indi- 
cated, and to illustrate tlie various conceptions from phenomena 
already familiar. To do this is beyond the scope of this short sketch, 
but enough perhaps has now been said to show that by the applica- 
tion of tliose principles we are enabled to reach and deal’ in a compre- 
hensive manner with phenomena of a fundamental nature, lying at the 
veiw root of all conceptions not merely of the phj’siology of reproduc- 
tion and heredity, fnit even of the essential nature of living org-anisms; 
and I think that I used no extravagant words when, in introducing 
Mendel's work to the notice of readers of the Royal Horticultural 
Society's Journal. I ventured to declare that his experiments are 
worthy to rank with those which laid the foundation of the atomic 
laws of chemistry. 
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IN ZOOLOOY.' 


Bv Pi'of. (r. P>. Howf.s, I). Sc., EL. D.. E. R. S. 


It is now twenty-eight years since this as.sociation last asseinl)led in 
Belfast, and to those pia-sent who can recall the meeting, the proceed- 
ings of Section D will he best nmiembered for the delivery of an 
address tw Hu.vley ‘‘On the Inpothesis that animals are automata, 
and its history,” one of the finest philosophic products of his mind. 
At that date the zoological world was about to embark on a period of 
marked activity. Fired bv the influence of the “Origin of Species.” 
which had survived abuse and was taking immediate efl'ect, the 
zoological mind, accepting the doctrine of evolution, liad become 
eager to determine the lines of descent of animal forms. Marine 
observatories were in their infancv;'the f '/e?/A.-//r/c/‘ was still at sea: 
the study of comparati\'e embryology was but thtm Ix'coming a science; 
and when, reflecting on this, we briefly survey the prc'sent Held, we 
can but stand astonishc'd at the enormity of the task which has been 
achieved. 

Development lias proceeded on eveiw liand. The leavening influ- 
ence, spreading with sui'e eti'ect, has in due course e.xtcnded to the 
antipodes and the East, in each of which portions of the globe there 
have now arisen a band of earnest workm's pledged to the investiga- 
tion of their indigenous fauna, with which they are proceeding with 
might and main. Of the Japanese, let it be said that not onH have 
they tilled in gaps in our growing knowledge, for which they alone 
have the materials at hand, but that, with an acumen deserving the 
highest praise, they have put us right on first principles. I refer to 
the fact that they have shown, with re.spect to the embryonic mem- 
branes of the common chick, that we in the M'est. with our historic 
associations, our methods, and our .skill, contenting ourselves with 
an ever-recurring restriction to the germinal area, have, by an error 
of orientation, missed an all-important septum, displaced under an 
inecpiality of growth. 

“ Aililre.“S t(i Zoological Section of the British As.-ociatioii for the Advancement of 
fScience, by Professor Howes, inesidmit of the section, at Belfast, 11)02. Ue]irinte<l 
from Keport of the British .Vssociatioii, pp. (>l,S-ti:>.'>. 
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Those of us who huve lived uiid worked throughout this memorable 
period have had a uuiqiu' experience, for ne\ er has there been prog- 
ress so rapid, accumulation of observations so extensive and exact. 
Of the 3sti. 1 ) 0(1 li\ dug- animal specie.s. to compute the estimate low. 
eveiT one availalile has been lain under hand, with the result that our 
annual litiuary output now amounts to clo.se upon lO.OOU contributions, 
tin' description of lu'w eeu(»ra and subo-enera, say l.Too. More than 
one-half of this l ast series refer to the Insecta alone: but notwith- 
standing- this, the records of facts of structure and developmetd, wdth 
which most of us are concerned, now amount to a formidable mass, 
calculated to awe the unlettered looker-on, to overwhelm the earnest 
devotee, unless by specializing he can secure relief. As an example 
of what may occur, it may be remarked that a receid exploration of 
the great African lakes has resulted in th(“ discoverv of over 130 new 
species. 

As to the nature of this unprecedented progress, it will suffice to 
consider the Earthworms. In l.STl few were known to us. An ad- 
vance in our knowledge, which had then commenced, had made known 
but few more which seemed likely to yield result. Darwin's book 
upon them had not appeared. Some were (vxotic, it is true, but no 
one sus])ected that a group .so restricted in their habits could reveal 
aught beyond a dull monotony of form and structure. Aei er was 
surmi.se more wide of the mark, for the combined investigations of a 
score of earnest workers in all parts of the world ha\ e in the interval 
recorded some Too odd .sj)ecies of about lH) genera. Mainly exotic, 
they exhibit among themselves a structural variation of the widest 
possible range. Not only do we recognize littoral and branchiate 
forms, but others acluetoiis and leech-like in habit, to the ('xtent of 
the discovery of a morphological overlap Avith the leeches, under 
Avhich we are noAV compcdled to remove tlnuii from their old a.ssocia- 
tion with tlu' flat Avorius. and to unite them with tlu' earthworms. 
And we even find these animals, as repre.sented bv the Actinthodril !d<t-, 
coming prominently into considerations Avhich invoh t' the theory of a 
former antarctic contimud. one of tin* most ri-volutiouary zoo-g('ogra- 
phical topics of our time. 

This case of the ('arthwortn may be taken as typical of the rest, since 
forcaich and every class and order of aidmal forms the progress of the 
pt'i'iod through Avhich avi- have j)as.sed sinci' last Ave assembh'd here has 
produced revolutionary results. Our knoAvledge of facts has become 
materially enhanced; our clas.sitications, at best but tin* Avorking ex- 
pression of our ideas, hav<^ been to a largt' extent replaced in clearer, 
more con.prehensive, scluunes; and Ave are to-day enabled to deduce, 
with an accuracy proportionate to t)ur increased knoAvledge of fact, 
the nature of the interrelationships of the living forms Avhich Avith 
our.selA'es inhabit tin* earth. 
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Satif;f;ictoiy as is this result, it must be elearly born in mind that its 
realization could not have come about but for a knowledge of the 
animals of the past. .Vnd turninir now to paleontoloji'v. it mav be said 
that at the time of our last meetiny in this city the scientitie ivorld 
was just becominy entranced by the promise of unexpected results in 
the exploration of the American Tertiary beds, then beiiiy tirst opened 
up. 'Fhe Ifocky Mountain district was the area under investiyation, 
and with this, as with the proyress in our knowledye of rt'cent forms, 
no one liviny was prt-pared for the discoveries which shortly came to 
pass. To consider a concrete case, wt' may ])remise that study of the' 
placental mammals had justitied tin' conclusion that their ancestors 
must ha\ e had equal and pentadactyle limbs, a complete ulna and 
fibula, a complete clavicle, and a skull witli 44 t(>eth - must have 
realizetl, that is. the prt'dominaiit term of tin' liviny insecti^■ora 
as yenerally understood. Who amony the zooloyists of our time does 
not recall with enthusiasm the revelation which arose fi-oin the dis- 
covery, duriny these early days, in tin* Koceiu' of e{mtral North 
America, of the yenera at tirst di'scribed as /de ami JfrlnhijiiK/ The 
evidence of the existence, in the locality named, of these 44-t()othed 
peccaries, as they wt'D* held to b(‘, renderial ehaii’iM’ the I'ecoi'ds 
of th(' later 'I'ertiai'v deposits of tin' (.)ld \\'orld. wliieh were tliose of 
hoys, and, in correlation with the facts then Idiow)), suyyi'sted that 
the liocky Mountain area was the home of the anct'stral ])oi'cine stock, 
and that in early T(>rtiary times tlu'ir descendants mu't ha\ e miyrated. 
on the one hand, across tin' northern belt, of wliich tlie Aleutian 
islands noAV mark the course, into tlie Old World, to lieyet. by compli- 
cation of their tei'th, the piys and hoys; and on the other into central 
South ,\nierica. to yive rise, by nmnerical n'duction of tc'etli and toes, 
to the peccaries, still extant. 

Miyration in opposite direc-tions with diversity of moditication was 
the rt'frain of this remarkable hud. far-reachiny in its morpholoyical 
and zoo-yeoyraphical etfects. Nor <-an we alhule with h'ss fervor to 
tin' still more strikiiiy case of the horses, which proved not merely a 
similar, thouyli perhaps a later, miyration, but a parallelism of modi- 
tication in ludh the Old and New worlds, culminatiny in the latter in 
extinction, whereby it bc'came necessary, on the advent of civilized 
man. to carry back the Old World hor.se to its ancestral .Vmerican 
hoiiK'. No wonder that this should hav(' [)rovoked our Huxley to tin' 
remark that in it we have the ‘‘dt'monstnitive evidence of tin' occur- 
rence of evolution," and that the fact.s of paleontoloyv came to be 
reyarded as certainly not .second to tho.se of the fascinatiny but seduc- 
tive department of embryoloyy, at the time makiny yiant strides. 

1 have endeavored thus to picture that state of zoological si-ience at 
the time of our last meeting- here, and 1 wish now to confine myself to 
SOUK' of till' broader results since achieved on the morpholoyical side. 



584 MORPHOLOGICAL METHOD AND REPENT PROGRESS IN ZOOL()(JY. 


But let US tir.st digress, iu order to be clear as to the nieaiiiiig of this 
phrase. 

We do not expect the ijublic to be accurate in their usage of scien- 
tific terms: but it is to me an astounding- fact that among trained 
scientific experts, devotees to branches of science other than our own, 
there exists a gross misunderstanding as to the limitations of our 
departments. 1 (juote from an official report in alluding to ’•com- 
parative anatomists, or biologists, as they c-all themselves." and 1 but 
cite the words of an eminent scientific friend in referring to biology 
and Ixjtany as coecjual. In (mdeaxoring to get rid of this prevailing 
error, let it be once more said that the term •‘bicdogy " was introduced 
at the beginning of the nineteenth century ]>y Treviranus and Lamarck, 
and that in its usage it has come to signify two totally distinct things 
as employed by our continental contemporaries and ourselves. By 
“ biologic” they understand the study of the organism in relation to 
its environment. We, following Huxley, include in our ti*rm biology 
the study of all i)henomona manifested by living mutter; botany and 
zoology; and by morphoh)gy we zoologists mean the study of struc- 
ture in all its forms, of anatomy, liistology. and development, with 
paleontology — of all. that is, which can be prid'erably studied in the 
dead state— as distinct from phy.siology. the study of the living in action. 
Comparative morphology, the study of likeness and unlikeness, is the 
basis of our working classifications, and it is to the consideration of 
the morphological method and the more salient of its na-ent results that 
] would now proceed, in so far as it may be said to luu e mai-ked prog- 
ress and given precision to our ideas within the last eight and twent}- 
years. I would deal in the main with facts, with theories only where 
self-evident, ignoring that type of generalization to which tlu' cxclu- 
.sive stiuL' of embryology has lent itself, which characterizes, but does 
not grace, a vast portion of our recent zoological literature. 

To the earnest student of zoology intent on current ad\ ance. the 
mental image of the ititerrelationships of the greater groups of animal 
forms is ever changing — kaleidoseopically it ma}- be — but with dimin- 
ishing effect in proportion as our knowh'dgt' l)ecomesthe more precise. 

Returning now to American paleontology, wc may at once continue 
our theme. In this vast field expedition after expedition has returned 
with material rich and plentiful. And while by study of it our knowl- 
edge of every living mammalian order, to say the least, has been 
e.xtended, and in some cases revolutionized, we have come to regard 
the early Tertiary period as the heyday of the mammals in the sense 
that the present epoch is that of the smallm- birds. No wonder, then, 
that there should lau'c been discovered grouj) after g’roup which has 
become extinct, or evidenei* that in matters such as tooth structure 
there is reason to believe tli;it types identical with those of to-dav 
have been previously evolved, but to disappear. 4'o contemplate the 
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discovery of the Titanotlioriu, the Anihlyopoda, the Dinoeerata, with 
their strange diiniimtive brain, chief amongf the heavier ungulate forms, 
is to consider the iNIamnialia anew: and wlien it is found that among 
late discoveries we have (1) that of a series of Khinoeeratoidea, which, 
though not vet known to extend so far hack in time as the primitive 
tapirs ;uid hoi-ses. are coni])lete as far as they go; {'2) that among the 
Ruminants wt' luive. in the ()reodoi\tid;e t>f the American Eocene, 
primitive forms with a dentition of -id teeth, an absence of diastemata, 
a pentadactyle manus. a tidradactyh' pes with tracies of a hallux, and, 
as would ai)p(‘ar from an ('xampl(' of Mi . a bony clavicle, such 
as is unknown in any later ungulate, we an* aroused to a pitch of eager 
enthusiasm as to the outcome of labors now in hand; for as I write 
tliere reaches nu' a letter to tin' etl'ect that for most of the great ver- 
teln'ate groups, aial not the mammals alomx collections are still coming 
in, (‘ach nioni wonderful than the last. 

In the extension of our knowledge of the Ancylopoda, an order of 
nrainmids ir.uned after the Aii' tjlolhi n niti of Pikenni and Samos, which 
occur in the (‘arly 'I’crtiary deposits of Eui’opcx Asia. North America, 
and abundantly in Patagoniti. we hai e been made aware of the exist- 
ence of g('iu‘ra whose salient structural baitures coml)ine tin* dentition 
of an ungulate with the possession of ])ointed claws. l)elieved to have 
becm retractile, like those of tin' living cats, (.’onversely to these 
ungui<'ulate herbivores, which include geiu'ra with limbs on both the 
ai'tio- and perisso-tlactyle lines. th(>re have l)een found among the 
so-called Mesonychida' undoubted primitive carnivores, indications of 
a type of terminal phalanx seal like and approximately nonunguiculate; 
from all of which it is clear that we have in the rocks the remains 
of forms extinct which transpose the correlations of tt)oth and claw 
deducible from the living orders alone. Further among the primitive 
pentadactyle Carnivora we meet, in the genus PufrinfiHx, with a 
reduction of tin; lower incisors to two. and charaAers of the fore limb 
which, with this, suggest the seals. It is. however, probable that 
these characters are in no Avay indicative of direct genetic relation.ship 
between tlu' two. for inasmuch as timse animals were accustomed to 
st'ck their food in the water of the lak»' by which they dwelt, their seal- 
like characters may be but the expression of adaptation to a partially 
a([uatic mode of life— of parallelism of moditication with the seals, and 
nothing more. 

Early in the history of their iiujuiry our American confreres recorded 
from the Pliocene the discovery of camel-like forms possessed of a full 
upper incisor dentition - for example, tlu' genera Proiolnhix and Ithy- 
jraiiiijKiihui — and now tlu'v have arrived at the conclusion that while 
the caincls an' of American origin one of their most characteristic 
ruminants, the Prongbuck would convei’sely appear to 

be the descendant of an ancestor ( Uhixfinn, j'l/.r) that mignvted from the 
Old orld. 
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Sufficient this concerniuj,'- tin' Avork in inuninialo^y of tlie American 
paleontologists. Whih' avc return them our devout and learned admi- 
ration. we would point out that the hrilliance of their discoveri('s has 
but beclouded the I'eeognition of equally important iinestigations 
going- on elsewhere. In Argentina there have proceeded, side bvside 
Avith the North American explorations, researches into the Pleistocene 
or Pampa fauna. Avhich in residt art' not one Avhit bt'hind. as lias bt-en 
proved by the recognition of a Avholo order of primitAe ungulates, 
the Toxodontia. by that of toothed cetaceans Avith elongated nasals, as 
in the gent'ra J^toKipidhxIoji and Arji/i-oc' tn-s. and of sperm whah'sAvith 
functional premaxillary teeth, viz. Phytiodnn and Jliipinyiux. to saA’ 
nothing of giant armadillos and pigmy gh ptodoiis. 

It Avill be remembered by .some pre.sent that from Patagonian deposits 
of suppost'd Cretaceous age there aa'us exhibited at our DoA’er mei'ting 
the .skull of a horned chelonian Avhich animal, av'c Avere 

informed, i.s barely distinguishaVde fnmi the .species originally dis- 
covered in C'ooks Island, one of the Society groiq). and Avhich. being 
a marsh turtle highly specialized, would .seem in all probability to 
furnish a forcible defense for the theory of the Antarctic continent. 
But more than this the results of renewed investigation of tin* Argen- 
tine beds by the members of the Ih-inceton Cni\ersity of North 
America have recently re.sulted in collections which, av(' are informed, 
seem likely to surpass all precedent in tlu'ir bearings tipon our current 
id('as, not the lea.st remarkable preliminary announcement Ix'ing the 
statement that tln've occ'urs fossil a mole indistinguishable, .so far as is 
known, from the golden mole of South Africa. 

Before I dismiss this fascinating subj(>ct h't mi' disarm tlu' notion, 
which may haAC arisen, that th(' paleontological W(jrk of the Old 
World is done. Far from iti Kven our .Vmerican cousins have to 
come to Us for important fos'-il forms sis. for t'xanqjle. the genus 
Pho]n/rd.r of Samos and the Egyptian di'st'i t. while among the rodents 
and smaller carnivores there an' large collections in our national 
museum waiting to be Avorked over afresh. 

If one part of the glob(' more than another is just uoav tlu' centc'r of 
interest concen\ing its vertebrate remuins, it is the Egy])tian desert. 
Here there have recently been found the bones of si huge cetacean 
as.sociated. as in .South ,\m(‘rica, Avith tho.se t)f a giant snake, one of 
the longest known, since it must laiAu' ri'ached a length of ISu b'l't. 
There also occur tin' remains of other snakes, of chelonians of remark- 
able adaptive type, of crocodiliaiis, fishes, and other animals. Interest, 
hoAV('V('r, is greatest conceridng the Nlammalia, Avhich for iiovi'ltA' arc 
quite up to th(' .Vmcrican .standard, as Avith an iqiper and a lowi'r Jaw 
of an anomalous creature, concerning which we can only at present 
remark tluvt it may be a marsupial, or more probablv a carniA-ore, 
Avhich has taken on the rodent type in a mani\er peculiarly its oAvn. 
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Important beyond this, hoivever. are a .series of Eoecne forms which 
more than till a lono-standin<>- jpip, viz. that of the ancestors of the 
elephants and mastodons, which hitherto stopped short in the Middle 
Miocene of both Old and New Worlds. As represented ])y the g-enus 
Mier'dhei'hun, they have three incisors aboi e iind two below, of which 
the second is in each case converted into a short but massive tusk. 
An ii 2 )pt'r canine is present, and in both upi>er and lower jaws a series 
of six cheek teeth, distinct and bunodont in ty 2 )e. In the allied Btiry- 
tJu-i'itnii. of which a large iiaid of the skeleton is known, the U 2 ) 2 )er 
incisors were iiresuniably reduced to two, the tusks eidarged, with 
resemblances in detail to the Dinoceratan tyjie. 

So far as these remains are known, they ap^iear to iiresent in their 
combined characters all that the most ardent evolutionist could desire. 
There arc with them Mastodons, which simiilify our knowledge of this 
group, and among the last-discovered remains Sii’enians. which, in 
presenting a certain similarity to the afore-mentioned Mieritherium. 
strengthen the belief in the proboscidian relationshijis of these a(juatic 
forms. Finally, and 23erhai)s most noticeable of all, there is tlie genus 
Arvitioltherhiin. a heavy brute with an olfactory vacuity which out- 
rivals that of (rri/patln j'iiiiii itself, and is surmounted by a monstrous 
fronto-nasal horn, swollen and bitid. for which the most formidable 
among the Titanotheres might yearn in vain. There is an occiput to 
match! The suggestion that this t'xtraordinary beast has relationshijis 
with the Rhinoceridie is absurd, since its tooth [lattern alone inverts 
the order of this type. I'hat it is proboscidian may be nearer the 
mark, and if so it shows once more how subtle were the mammals of 
the pa.st. Great as is this result much remains to be done or done 
again, if only from the fact that in seeking to detei'inine homologies 
our American brethren, in the opinion of some of us. have jdaced too 
much reliance on a so-called tritubercular theory of tooth genesis, of 
which we can not admit the proof, llow. we would ask. is it conceiv- 
able that a transversely ridged molar of the hqirntodnn type can be 
of tritubercular origin ? 

Suflicient for the moment of paleontological advance, excejrt to 
remark that the zoologist who neglects this branch of morjihology 
miss(‘s the one leavening influence; neglects the court on whoso ruling 
arguments deduced from embryological data alone must either stand 
or fall. M e mav form our own conclusions from facts of the order 
before us, but it is when we find their influence on the master mind 
jirompting to action, like that of Huxley with his mighty memoir of 
18SU, in w hich he revised our subclass terms, that we appreciate them 
to the full. 

M^ith this consideration we jia.ss to the living forms, and 1 have onlv 
time in dealing with these to comment on advance which affects our 
broadest conce^itions and classifications of the ^tast. 
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To commence with the ilammalia, we now know that the mammary 
gland when tirst it appear.^ is in all forms tubular, and that this type 
is no longer distinctive of the Monotremata alone. We know', too, 
that the intranarial position of the epiglottis when at rest, long' known 
for certain forms, is a distinction of the class. It explains the pres- 
ence of the velum palatinum by its association with the glottis for the 
restriction of the respii-atory passag'e, the connection being lost in 
man alone under specialization of the organ of the voice. 

Similarly the doubly ossified condition of the coracoid maj' now be 
held diagnostic, for it is known that the epicoracoidal element, origi- 
nally thought to characterize the monotremes alone, is always present, 
and that reduction to a varying degree characterizes the luetacoracoid, 
which retires, as in man, as the so-called coracoid epiphysis. 

Our conceptions of the interrelationsbips of the Marsupialia and 
Placcntalia have, during the period we are considering, been delimited 
beyond e.vpectation by the discovery of an allantoic placenta in a pol}'- 
protodont marsupial in place of the vitelline, present in its allies. 
When it is remembered that in the formation of the placenta of the 
rabbit and a bat there is realized a provisional vitelline stage, it is 
tempting to suggest that the evidence for the direct relationship of 
the two mammalian subclasses fir>t named overlaps (there being a pla- 
cental marsupial on one hand, a marsupial placental on the other), 
much as we have come to regard Archieopteryx as an avian reptile, 
the Odontornithes as reptilian birds. These facts, moreover, prove 
that the type of placenta inherited by the Placentalia must have been 
discoidal, and that from that all others were derived. 

Equally important concerning our knowledge of the Marsupialia is' 
the discover}’, first made clear by Professor Symington, of this col- 
lege, that Owen was correct in deuyiiig them a corpus callosum. How 
Owen arrived at this conclusion it is difficult to concei\ e, but in these 
later days the history of di.scovery is largely that of method, and it is 
by the employment of chrome silver, methylene blue, and other 
reagents, which in differentiating the fiber tracts enable us to delimit 
their course, that this conclusion has been proved. Bv the corpus 
callosum we now understand a series of neopallial fibers which tran- 
sect the alveus and are ])rescnt only in the Placentalia. 

Ihere is no dep;>.rtment of mammalogy in which recent work has 
been more luminous than this which coiu-erns the brain, and, to men- 
tion but one result, it may be .said that in the renewed .studv of the 
commissures there has been found a fiber tract characteristic of the 
Diprotodontia alone, so .situated as to prove that they and the Placen- 
talia must have specialized on diverse lines from a ])olyprotodont 
stock. Interesting this the more, since the phalange rs and kangaroos 
are known to b(> i)olyprotodont when young. And when we. add the 
discovery that in the detailed relationship oi its coumiissures the brain 
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of the Elephant Shrew, a lowly insectivore, alone among that of all 
Placentalia known realizes the marsupial state, as does its accessory 
organ of smell, we have to admit the discovary of annectant conditions 
just where they should occur. 

The moiphological method is sound! 

The master hand which has given us this result has also reinvesti- 
gated the Lemurs. From an exhaustive study of the brain or its cast 
of all species of the order, living and extinct, there has come the 
pi’oof that the distinctive characters of the lemui’oid brain are intelli- 
gible onh" on a knowledge of the pithecoid type: that its structural 
simplicity in the so-called lower lemurs is due to retrogressive change, 
in some specif's proved t(j be ontogenetic, and that the Tarsier, recently 
claimed to be an insectivore, is a lemur of lemurs. It is impossible 
to overestimate the importance of this conclusion, which receives con- 
firmation in recent paleontological work; and there is demanded a 
reinvestigation of those early described Tertiary fossil forms placed 
on the Ungulo-lemuroid border line, as also a reconsid(>ration of cur- 
rent views on the evolution of the primates and of man. 

In dismissing the Mammalia we recall the capture during the period 
we review of three new genera, a fourth, the so-called Xt:(jinyJodi>n , 
having proved by its skull to be (! rnyotln ri >nn ihn'irliil!, already 
known. The African Okapi, an objc'ct of sensatibn beyond its d(!serts, 
has found its place at last. To hav»' been dubbed a donkey, a zebra, 
and a primitive hornless girafi’e is distinction indeed; and we can not 
refrain from contrasting the nonsen.sical statement that its discovery 
is “the most important since Ai'clneopteryx” with tlu' truth that it is 
a giratline,' horned for both se.xes; annectant between two groups well 
known. As a discovery it does not compare with that of the Mole- 
marsupial, and it falls into insigniticance beside that of the South 
American diiu’otodont the survivor of a family which there 

flourished in Middle Tertiary tunes. 

Passing to birds and reptiles, it will be convenient to consider them 
together. knowledge of their anatomy has extended on all hands, 
and in respect to nothing more instructively than their organs of res- 
piration. Surprise must be expressed at the discovery in the chelo- 
nian of a mode of advancing complication of the lung suggestive of that 
of birds. On looking into this I find that Huxley, who rationalized 
our knowledge of the avian lung and its sacs, was aware of the fact 
that in our common water tortoise (Junyx orhlciilarii^) the lung is 
sharply difl'en'iitiated along the brom-hial line into a postero-dor.sal 
more cellular mass, an antero-ventral more saccular, of which the 
posterior vesicle, in its extension and l)ronchial relationships, 
strangely simulates the so-called abdominal sac of birds. He had 
already instituted comparison with the crocodiles, and was clearly 
coming to the conclusion that the arrangement in the bird is but the 
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result of extreme specialization of a type common to all Sauropsida 
with a ■■ cellular" luno-. The respiratory process in the bird may be 
detined as transpulmonary. and it is an interesting- coincidence that as 
I write there comes to hand a memoir supporting Huxley's conclusion 
and establishing the fact that there is a fundamental principle under- 
h'ing the development and primary differentiation of all types of 
vertebrate lung. 

The discovery of the Odontornithes in the Amei-ican (.'retaceous is 
so well known that it is but necessary to remark that nine genera and 
some twenty species are recognized. To Archivopierii.i" I shall return. 
Before dismissing the Chelonia. however, it must be pointed out that 
paleontology has detinitely clenched their supposed relationship to the 
Plesiosaurs. Of all recent paleontological collections there are none 
which, for care in collecting and skill in mounting, surpass the rep- 
tilian remains from the English Jurassic (Oxford clay) now public in 
our national museum. The Plesiosaurs of this series must be seen to 
be appreciated, and nothing short of a merciful Providence can have 
interposed to insure the generic name C'r)jpfocJi.'idvx, which one of 
them has received, since the hiding of the clavicle, its diagnostic char- 
acter. is an accomplished fact. It is due to secondary displacement 
under the approximation in the middle line of a pair of proscapular 
lobes, present in the Plcsiosauria and Chelonia aloiu', and until the 
advent of this discovery misinterpreb'd. Taken in conjunction with 
other characters of little less importance, conspicuously those of the 
plastron and pelvis, this decides the qiie.stion of affinity, and proves 
the Chelonia to have had a lowly ancestry, as lias generally been 
maintained. 

Kecent research has fully recorded the facts of development of the 
rare New Zc'aland reptile Sph, jiodoh, and it has more than justitied 
the eonclusion that it is the sole survivor of an originally extensive 
and jirimitive group, the Khynchocephalia, as now understood. To 
contine our attention to its skeleton, as that portion of its body which 
can alone be comiiared with both the living and extinct, it may bo said 
that positive proof has been for the tirst time obtained that the devel- 
oping vertebral body of the terrestrial V('rtebrata passes through a 
{laired cartilaginous stage and that in its details the later development 
of this liody is most niairly identical with that of the lower Batrachia. 
There has long been a consensus of opinion that the forward exten- 
sion of the pterygoids to meet the vomers in the middle line, known 
hitherto in this animal and the crocodih's alone, is for the terrestrial 
vertebrata a {irimitive charaett'r, and jiroof of this has Ix'en obtained 
by its {iresence in all tlu' Khynchoce{)halia known. The same condi- 
tion has also been tound to exist in the Plesiosaurs, the Ichthyosaurs, 
the Pterodactyles. the Dieynodontia. the Dinosaurs, and with moditica- 
tion in some chelonians. It has, moreover, been found in living birds; 
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a most welcome fact, since Arrlr.rojiti'nj-i-, in the possession of a plas- 
tron. carries the avian type a staj^c lower than the Dinosaurs. It is 
pertinent here to remark that, inasmuch as in those Dinosaurs (e. g., 
CtnnjtsogiKitJiiis) in which tlie characters of the hind limbs are most 
nearly avian, the pelvis, in respect to its pubis, is at the antipodes of 
that of all known birds, and the fore limb is shortened in excess of 
that of /a/,/- itself, the long supposed dinosaurian ancestry 

for birds must be held in abeyance. 

Passing througli the Rhynchocephalia to tlie Batrachia we have to 
countenance progress most d('tiidto in its results. The skull, the limbs 
and their girdles are chiefly concerned, and this in a very remarkable 
way. 

In the year isSl tliere was made known )>y Professor Froriep, of 
Tiibing('n, the discovery that the hyj)oglo.ssus nerve of the embryo 
mammal is possessed of dorsal ganglionated roots. Again and again 
have 1 heard Huxley insist on the fact that thi' ventral roots of this 
nerve are serial with the spinal std, but never did he suspect the rest. 
It is, however, a most intensely interesting fact that, whereas by a 
Huxleian triumph the verto)>ral theory of the skull was overthrown, 
hi these later Huxleian days the proof of the incorporation of a portion 
of the vertebral n'gion of the trunk into th(> mammalian occiput 
should hav(' marked the succeeding epoch in advance, 'fhe existence 
of twelve pairs of cranial nervi's which all the Amniota possess in- 
volves them in this change, and the fact that in all Batrachia there 
are but ten, enables us to draw a hard-and-fast line between batrachian 
and amniote series. 

It may be urged as an objection that since \vc have long been famil- 
iar with a fusion of vertabra' and skull in various pi.'-cine forms, the 
force of this distiiu-tion is wcakeiusl. But this can not be, since in 
respect to the in\ csting sheaths and proces.M's of development which 
lie at the root of the genesis of the vertebral skeleton, the tishes stand 
distinct from the Batrachia and Amniota. which are agreed. So forci- 
ble is this consideration that it behooves u-; to express it in M’ords, and 
I have elsewhere pi'opo^ed to discriminate bi'tweim the smlesof terres- 
trial \ ('rtcbiatc as arclne craniate and syncraniatc. 

Similarly, thci’c is no proof that any batrachian. living or extinct 
{and in this I include the Stegoc(*{)hala as a whole), possesses a costal 
sternum. So far as their development is known, the cartilages in these 
animals called ” sternal'' are either coracoidal or sui generis. The 
costal sternum, like tht' syncraniatc skull, is distinctive of the Amniota 
aloiK'. Had tlui Stegocephala posses.sed it even in cartilage, there is 
reason tt) think it might have Ikhmi preserved, as it has been in the 
collossal Mososaur J'ljhixn nrux of the American C’retaceous. When to 
this it is added that whereas, in the presence of a costal sternum, the 
mechanism of inflation of the lung involves the body wall, in its absence 
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it mainl\" iiivol\ cs the mouth (ii.« in all litshe.s and batrachiaus), the hard 
and sharp line between the Batrachia and Amniota may be expressed 
by the formula that the former are arclnecraniate and stomatophysous, 
the latter syiieraniate and somatopln sous. 

There are allied topics which might be considered did our time per- 
mit, but one certain outcome of this is that there is an end to the notion 
of a batrachian ancestry for the Mammalia. And when, on this basis, 
we sum up the characters demanded of the stock from which the Mam- 
malia have ])een derived, wc find them to be preciseh' those occurring 
outside the IManimalia in the Anomodont reptiles alone. Beyond the 
sternum and skull the chief characters arc the possession of short and 
ec[ual pentadactyle limbs, with never more than three phalanges to 
a digit, a complete fibula and clavicle, a doubh' ossified coracoid, a 
heterodont dentition — a combination which, whollj’ or in part, we now 
associate with the Permian genera Piii'iiixanrux. and 

others which might be named, the discovery of which constitutes one 
of the morphological triumphtj of our time. 

Bej'ond this, it may be added concerning the Batrachia, that among 
living pedate forms the anura have alone retained the pentadactyle 
state and the complete maxillo-jngal arch, and that the Eastern Tylo- 
totnton, in the posse.ssion of the latter, becomes the least modified 
urodele extant. Those facts h'ad to the extraordinary conclusion that 
the living L rodela, while of gimeral lowly organization, arc one and 
all aberrant; and it is not the least important sequel to this that, despite 
their total loss of limbs, the Apoda, in the retention of the dermal 
armor and other features which might be stated are the most primitive 
Batrachia that exist. 

The batrachian phalangeal formula was until cpiito recently 

a ditficulty in the determination of the precise zoolog^ical po.sition of 
the class, but it has now been overcome b}’ the discovery of a Kcra- 
tvipeton in the Irish carboniferous having three phalanges on the second 
digit of both fore and hind limbs, and )>y that in the Permian of Saxony 
of a most remarkable creature, Srh roophnJ which, if rightly 
referred to the Stegocephala, had a head enca.sed, as its name implies, 
in an armature like that of a fish, and the phalangeal formula of a 
reptile, 23454 :. 


1 assing from the batrachia to the fishes, wo have still to admit a 
gap, since an interminable discussion on figures and fins has not nar- 
rowed it in the least. In compen.sation for this, however, we have to 
record within the fish series itself progrc.ss greater, perhaps, than with 
the higher groups. Certainly is this the ca.se if, as to bulk, the litera- 
ture in .systemaBc sand pahcontology be alone taken into account. 

IJ'P'ioi our knowledge is fast lM>coming completcu We know 
• ejnf osi/en forms a Inirrow, and in consideration of a former 
monstrous proposal to regard this animal, with its ofi.pairs of ribs, 
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and Protoptems, Avith its 30 to 35, as varieties of a species, it is the 
more interesting to find that the Congo has lately yielded a Protoptenis 
{P. Pollol) with the lepidosiren rib formula, viz, 54 pairs. 

As a foremost result of American paleontological research we have 
to record the occurrence, in the Devonian of Ohio, of a series of 
colossal fishes known as the Arthrodira, the supposed dipnoan affinities 
of Avhich are still a matter of doubt. 

We haA'e evidence that the osseous skeleton in a plate-like form first 
appeared as a protection for the e}^ of a primitive shark, and coming 
to recent forms haAung special bearings on the teachings of the rocks, 
we have to acknowledge the capture in the Japanese seas of a couple 
of ancient sharks, of Avhich one {C'ladoselachus), since observed to 
haA'C a distribution extending to the far north, is a survivor from 
Devmnian times; the other a genus whose grotesque- 

ness leaA'es no doubt of its identity with the Cretaceous lamnoid 
Scupunm'hynchtis. In the elucidation of the Sturiones, and the deter- 
mination of their affinities with the ancient Palaeoniscidi®, a master 
stroke has been achieved. In the Old Red genus Pulseotspondylm we 
have become familiar with an unmistakable marsipobi'anch, possessing, 
as do certain living fishes, a notochord, annulated, but not vertebrated 
in the strict sense of the term. The climax in Ichthyopalaeontology, 
however, has been reached in the discoA^ery of Silurian forms, which 
there is every reason to believe explain, in an unexpected way, the 
hitherto anomalous Pteras- and Cephalaspidians, by involving them 
in a communitv of ancestry with the primitive Elasmobranchs. The 
genera Thelodm^ Drepanmpis, Ateleaspis, and Lanarkia, chief among 
these annectant and ancestral forms, are among the most remarkable 
vetebrate fossils known. 

Passing to the Recent fishes alone, the discovery which must take 
precedence is that of the mode of origin of the skeletogenous tissue of 
their A'ertebral column. The fishes, unlike all the higher Vertebrata, 
have, when young, a notochord invested in a double sheath, there 
being an inner chordal sheath, an outer cuticular, Avhich latter is alone 
present in all the higher groups. The skeletogenous cells, by whose 
activity the cartilaginous A^ertebral skeleton is formed, arise outside 
these sheaths; but Avhereas when proliferating they in one series 
remain outside, they in the other, bj' the rupture of the cuticular 
sheath, inA'ade the chordal. This distinction enables us to discrimi- 
nate betAveen a Cliordid scides, Avhich embraces the Chinueroids, Elas- 
mobranchs, and Dipnoi, and a Perichm'dal, consisting of the Teleosts, 
Ganoids, and Cyclostomes. 

In consideration of the enormity of the structural gap between the 
Cyclostomes and the higher Vertebrata this is an extraordinary result. 
For be it remembered that, in addition to their well-known characters. 


SM 1902 38 
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the lampreys and hag-s (1) in the total absence of paired tins; (2) in the 
presence of branchiie, ordinarily 7 in number, 14 in Bdelloximna 
jjuhjtreniu, numerically variable in individuals of certain species 
between 6 and 14, and doubtfully asserted in the young of one to be 
originally 35; and (3) in the cariying up of their oral h^ popophysis 
by the nasal organ, whereby it perforates the cranium from abo\'e, as 
contrasted with all the higher Vertebrata, in which, carried in with 
the mouth sac. it perforates it from beneath, exhibit morphological 
characters of an extraordinary kind. And if we are to express these 
characters in terms we may distinguish the Cj’cdostomes as aptenjgial 
and ejjicranlnte^ the higher Vertebrata as hypoerunlate." But this, 
notwithstanding the aforementioned subdivision of the Pisces into 
two series, which would associate the teleosts and ganoids with the 
cyclostomes, as distinct from the rest, receives support from recent 
study of the head-kidney by a Japanese, who seeks to show that the 
organ so called in the Elasmobranchs i;, of a late-formed type peculiar 
to itself, and it is also in agreement with one set of conclusions 
previously deduced from the study of the reproductive organs. 

To deal further with the tishes is impossible in this address, except 
to remark that recent discovery in the Gambia, that the young of the 
Teleostean genera lLt< rot is and Gy)iniorchu8 bear filamentous exter- 
nal gills, renders significant beyond expectation the alleged presence 
of these among the loaches, and shows that adaptive organs of this 
type are valueless as criteria of athnity. 

In paleontology, as in recent anatomy, our records of detail have 
increased beyond precedent, often but to show how dehcient in knowl- 
edge we are, how contradictoiy are our theories and facts. 

In dismissing the tishes, I wish to comment upon our accepted terms 
of orientation. To speak of the median tins as dorsal, caudal, and 
anal, of the pelvic as ventral, and of the pectoral in its varying degrees 
of forward translocation as at)dominal or thoracic, though a conven- 
tion of the past, is to-day inaccurate and absurd. I question if the 
tini(> has not come at which the terms thoracic (pulmocardiac) and 
abdominal are intolerable, as expressing either the subdivisions of the 
body cavity or anything else outside the Mammalia, which alone 
possess a diaphragm. Even in the birds, to grant the utmost, the 
subdivision of the codom, if accurately described, must be into pul- 
monary, hyper-pulmonary, and cardio-abdominal chambers, while 
with the reptiles the modes of subdivision are so complex that a special 
terminology is iiecessai’v for each of the several types extant. 

"It is an interestin}; cin-umstance, if their “ciliated sac” i.« rightly homologized, 
that Amphiojiis an<l the Tnnieata present a corresponding dissimilarity, allowance 
Ixdng made for the fact that in lii/tnjlhns, CoothirUt, and Poli/i'ui’jiii the sac overlies 
the ganglion. It is pertinent here to recall the ammocuete-like condition of the 

'endostyle” in CHkopleura Jiabellmn. 
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In the fishes, where the pericardium is alone shut off, the I'etention 
of the mammalian terms hut hampers progress. This was indeed 
felt bv Dumeril when, in IStJ.o, he attempted a revisionary scheme. 
Since, however, one less fantastic than his seems desirable, 1 would 
propose that for the future the “anar’ fin he termed venti-al, the 
“ventral” pelvic, and that for the several positions of the pelvic, that 
immediately in front of the vent, primitive and embryonic (which is 
the position for the Elasmohranehs, Sturiones, Lower Siluroids, and 
all the higher Vertehrata), he termed proctal, the so-called ‘•abdomi- 
nal” pro-proctal, the so-called ‘’thoracic” jugular (in that it denotes 
association with the area of the “collar hone"), and the so-called 
“jugular” mental. The necessity for this becomes the more desirable 
now that it is known that a group of Cretaceous fishes (the Ctenothris- 
sida’), hitherto regarded as Berycoids, are in realit\' of clupcoid 
affinity, despite the fact that at this early geologic period they had 
translocated their pelvic tin into the jugular (••thoracic”) position. 

The sum of our knowledge acquired during the last twenty -eight 
years proves to us that among the bony fishes the structural combina- 
tion which would give us a premaxillo-maxillary gape dentigerous 
throughout, a proctal pelvic fin, a heart with conal valves, would be 
the lowe.st and most primitive, liutsmuch as this character of the 
heart, so far as at present known, exists only among the Clupesoees 
(pikes and herrings and their immediate iillies), these must be regarded 
as lowly forms, wherefore it follows that the possession of but a single 
dorsal fin is not, as might appear, a necessary index of a highly modified 
state. 

Before I dismiss the vertebrates, a woi'd or two upon a recent result 
of morphological imiuiry which concerns them us a whole. I refer to 
the development of the skvdl. Up to 1878 it was eveii'where thought 
and taught that the cartilaginous .skull was a compound of paired 
elements, known as the trabecula* cranii and parachordals, and that 
the former contributed the cranial wall. Huxlei', in 1871. from the 
study of the cranial nerves of tishes, had reiterated the suggestion he 
made in 18(31, when dealing with the skull alone, that the trabeculaj 
might he a pair of pne-oral visceral arches, .serial with tlm.^e which 
support the mouth and carry the gills. The next step lay with the 
sturgeon, in which, in 1878. it was found that the cranial wall is orig- 
inalli’ distinct. And later, when the facts wore more fully studied in 
sharks, batrachians, reptiles, and birds it became evident that the 
trabecula*, thousrh idtimatelv a.s.sociated with the cranial wall, take no 
share in its formation, and that when first they aiipcar they are dis- 
po.sed at right angles to the parachordals and the axis serially with 
the visceral arches behind. Huxley was right, and although this con 
sideration by no means exhausts the category of independent carti- 
lages now known to contribute to the formation of the skull, it proves 
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that the cartilag'iiu)us ci'aniuiu, like the lx)ny one which in the hif^her 
vertebrate forms replaces it, is in its essence compound. 

I now pass to the invertebrata. Of the Oligochajta and Leeches I 
have spoken, and we may next consider the Arthropods. Of the 
Insecta our knowledge has gained precision bj- the conclusion that 
the primitive number of their Malpighian tubes is six, and bj' the 
study of development of these in the American cockroach Doryphoi'a, 
which has rendered it probable they may be moditied nephridia, carried 
in as are those of some oligochietes with the proctodeal invagination. 
,Vn apparent cervieal placenta has been discovered in the orthopteran 
lIcmiint ruK. which ivould seem to suggest homology with the so-called 
‘■‘trophic vesicle" of the Peripatoids, as exemplified by P. JPtn'ce- 
Britenudea. In this same orthopteran there have been recognized, 
in secondary proximity to the “lingua." reduced maxilluhe, which, 
fully developed and interposed between the mandible and first maxilla, 
in Jupy.r, dAn-7o7/.v, Porjjci/hi, and the PJpIu/inera larva, give us a fifth 
constituent for the inse'etan head. And when it is found that all the 
abdominal segments of the common cockroach, when young, are said 
to bear appendages, of which the cerci are the hindermost, we have a 
series of facts which revolutionize our ideas. Little le.ss striking is 
the discovery that in the caterpillar of the bombycine genera Laejon 
and ('hi'y^npyya seven pairs of pro-legs occur. 

The fuller study of the apertures of the tracheate body has resulted 
in the discovery that the Chilopoda are more nearly related to the 
Hexapoda than to the Dijdopods; wherefore it is projmsed to reclas- 
sify the Tracheata. in accordance with the position of the genital 
orifice, into Pra- and Ophtho-yonata. In a word the “Myriapoda,” 
if a natural group, are diphyletie. 

Our knowledge of the Peripatoids {Arth ropochi. nuduafpoda) has 
increased in all that concerns distribution and structure. They are 
now known, for example, from Africa, the "We.st Indies, Australia, 
and Xew' Zcala?id, and for examples from the two latter localities and 
Tasmania the generic name < hptrijKdua has but latch’ been proposed, 
to include three species, characterized by the possession of an ovi- 
positor. of which two have been observed to lay eggs. 

A ork u])on the Crustacea in our own land, notorious for the ten 
dencics of some of its devotees in their stickling for priority, has 
within the last twelve years advanced bei’ond all expectation. Much 
of our literature has been systematized, and an enormous inci'ease in 
our knowledge of new form.s has to be admitted, thanks to memoirs 
such as those of the “Investigator." “Naples Zoological Station.'’ and 
others which might be named; wdiile in the discovery and successful 
monographing, in the intervals of six years’ labor at other groups, of 
a new family of minute Copepods (the Choniostomatidte), parasitic on 
the iMalacostraca, embracing forty-three species, difficult to find, we 
have an almost unique achievement. The hand which gave us this 
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has also provided a report which embraces the description of a 
nauplius of exceptional type, which, by a process of reasoning b}^ 
elimination, masterly in its method, has been “run to ground” as in 
every degree of probability the larva of Darwin's apodal barnacle 
Protulepaa hivincta, of which onh" the original specimen is known. 

There is but one other crustacean record equal in rank with this, 
viz, the discover}" of the genus Originally olitained from 

a fresh-water pool on Mount 'Wellington, Tasmania, at 4,000 feet, it 
has since been found in two other localities. It is unique among all 
living forms, in combining within itself characters of at least three 
distinct suborders of “prawns,” for with a schizopod body it com- 
bines the double epipodial lamellai of an amphipod, the head of a 
decapod (pedunculated eyes and antennularv statocysts) apart from 
characters peculiarly its own. There is reason to believe that the 
nearest living" ally to this remarkable creature is a small eyeless species 
{B<(tJujneIJa naUtna) obtained from a Bohemian well; and if its pre- 
sumed relationships to the Paheozoic "pod-shrimps'' be correct, this 
heterogeneous assemblage may perhaps be the reitresentatives of a 
group of primitive iVIalacostraca, through which, by structural diverg- 
ence, the establishment of the higher crustacean suborders may have 
come about. 

It is pertinent to this to note that work upon cave dwelling and 
terrestrial forms, upon “ well shrimps” and the like, has produced 
important results. And interesting indeed is the recent discovery of 
three species, living at 80() to 900 feet above sea level, in Gippsland, 
one an amphipod, two of them isopods, which, though surface dwell- 
ers, are all blind. While they prove to be species of genera normally 
eyed, they in their characters agree with well-known American forms; 
and the bleaching of their bodies and atrophy of their eyes proclaim 
them the descendants of cave-dwelling or subterranean ancestors, 
among whom the atrophy took place. 

Huxley in ISSO rationalized our treatment of the higher Crustacea, 
by devising a classitication by gills, expressive of the relationships of 
these to the limb-bases, interarticular membranes, and body wall. 
Hardly had his influence taken effect when, by work extending o\ er 
the years ISSt! to 1893, in the study of Pemeus, the Phyllopods, 
Ostracods, and other forms, evidence had been accumulating to show 
that the crustacean appendage, e\ en to the mandible itself, has prima- 
rily a basal constituent (protopodite) of three segments; that the 
branchim one and all are originally appendicular in origin; and that 
the numerical reduction of the basal (protopoditic) segments to two, 
with the assumption of a nonapj)endicular relationship by the gills, 
is due to coalescence of parts, with or without suppression. The evi- 
dence for this epoch-making conclusion, which simplilies our concep- 
tions and brings contradictory data into line, is as irresistible as it is 
important, and there has been nothing tiner in the whole history of 
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crustacean niorpholooy. With it, the attempt to explain the supposed 
anomalous characters of the anteimule hy appeal to embryology goes 
to the wall; and, taking a deep breath, we view the Crustacea in a 
new light. 

There remains for brief consideration one carcinological discovery 
second to none which bear on the signiticance of larval forms. It is 
that of the trilobite Trlurthi'ija Becki, obtained in abundance from 
the Lower Silurian near New York, with all its limbs preserved. In 
the simplicity of its segmentation and the biramous condition of its 
limbs it is primitive to a degree. Chief among its characters are the 
total absence of jaws in the strict sen.se of the term, and the fact that 
of its three anterior pairs of appendages the third is certainh' and the 
second is apparently biramous, the first uniramous and antenniform. 
In this we have a combination of characters known onL' in the nau- 
plius larva among all living crustacean forms; and the conclusion that 
the adult trilobite, like that of the Euphausiacea, Sergestida* Penaddte, 
the Ostracods, and Cirripedes of to-day, was derived by dii’ect expan- 
sion of the nauplius larva can hardly be doubted. Much 3'et remains 
to be done with the studv of the Triarthrus limbs; and the suggestion 
of a foliaceous condition by those of the pygidium, which are the young- 
est, is a remarkable fact, the meaning of which the future must decide. 
We .should expect the condition to be a provisional one, since while 
we admit the primitive, nature of the phyllopods as an order, we can 
not regard the foliation of their appendages as anything hut a special- 
ization. Be this as it ma\’, the structural community between the 
nauplius larva and the trilobite is now proved; and when we add that 
in the volk-bearing higher Crustacean tvpes (e. g., Asfitciiv) a percept- 
ible halt in the development mav be observed at the three-limb- bearing 
stage; that in Jfi/.s/.y the vitelline membrane is shed hut to make wa\’ 
for a nauplius cuticle; and that the median nauplius eje has long been 
found sessile on tlu' adult brain of representative members of the 
higher crustacean groups, up to the lob.ster itself, our belief in the 
ancestral significance of the nauplius larval form is established bevond 
doubt. 

The thought of the 7iauplius sugge.sts other larval forms. The gas- 
trula is no longer accepted without re.serve; the claims of the blastula, 
planula. parenehvniella, not to sav the plakula, have all to be borne 
iti mind. It is of the Trochophore. however, as familiar as the nau- 
plius, that J would rather speak, as influenced by recent research. It 
is supposed to be primitive for the molluscs and chaTopod worms at 
least; and various atteinpts have been mad<‘ to bolster it up, and to 
sho\\ that if we allow for adaptive change, its characters, well known, 
<11 e constant within thc' limit.s of its simpler forms. 

It is now more than forty years ago that the late Lacaze-Duthiers 
descrd)pd for l>^,dallun, a larval stage. <-haracterized by the losses- 
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sion of recurrently ciliated zones, which by reduction, with union and 
translocation forwards, give rise to the trochal lobe. It is now known 
that in the American pelecypod Yoldia linudula a similar stage is 
found, in v.hich a ” test" of five rows of ciliated cells is present; and 
of the young of IJtmdet'fwt hnnyuletiHtii the like is true. But whereas 
in the Yoldia the ciliated sac is ultimately shed, in the Myzomenian 
the escape of the embryo is accompanied by rupture, which liberates 
the anterior series of ciliated zones in a manner strongiv suggestive of 
forward concentration, leaving the posterior circlet with its cilia 
attached. 

This “test" has also been seen in two .species of Xucula, and pend- 
ing fuller inquiry into the Myzomenian and a reinvestigation of Den- 
talium, I would suggest that this recurrentlj' ciliated sac is represent- 
ative of a larval stage antecedent to the trochophore, for which the 
term protrochal may suffice. This term has indeed been already 
applied to a larva of certain Polyclneta, which might well represent 
a modification of that for which 1 am arguing: and quite recen% it 
appears to have been observed near Ceylon for a species of the genus 
M<ti'pliysa. 

The discovery of this larva in Dondersia wa.s accompanied by that 
of a later-formed series of dorsal spicular plates, which for once and 
for all, in realizing a chitonid stage, demolish the heresy of the 
“ Solenogastres,” mischievous as sugge.sting an affinity with the worms. 
Like that of the supposed cephalopod affinities of the so-called “Pter- 
opods,” it must be ignored as an error of the past. 

Returning to the protrochal stage, whatever the future may reveal 
concerning it, by bringing together the Lamellibranchiata, Scaphopoda, 
and Polyplacophora, it associates in one natural series all the bilater- 
ally symmetrical ilollusca except the cephalopods. In doing this, it 
deals the death blow to the supposed Rhipidoglossan atfinity of the 
Lamellibranchiata; and in support of this conclusion I would point 
out that the recently di.scovered eyes of the mytilids are in the posi- 
tion of those of the embryo Chiton, and that just as DentaliH/n, in the 
formation of its mantle, pas.ses through a lamellibranchiate stage, so 
are there lamellibranchs in number in which a tubular investment is 
found. 

This protrochal lar\ a has an important part to play. It may very 
possibly explain phenomena such as the compound nature of the tro- 
chal lobe of the limpet, the presence of a po.st-oral ciliated band in the 
larva of the shipworm, and of a pne-anal one in that of various mol- 
luscan forms. In view of it, we must hesitate before we fully accept 
the belief in the ancestral significance of the trochophore. And it is 
certain that an idea, at one time entertained, that the Rotifer {Tro- 
chosplnu'd), which so closely resembles it as to bear its name, is its 
persistent representative, is wrong, since this is now known to be but 
the female of a species having a very ordinary male. 
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Through the Rhipidoglossa we pass to the Gastropods, which are 
one and all asymmetrical, for even Fissurella, Patella^ and Doris, 
when jmung, develop a spiral shell; while Huxley in 1877 had observed 
that the shell of Ajjltjsia, in its asymmetiy, betrays its spiral source. 

The notion, which until recently prev'ailed, that among these gastro- 
pods the nontwisted or so-called euthyneurous condition of the visceral 
nerve cords, as exemplitied by the Opisthobranchs. is a direct deriva- 
tive of that of the Chitons, has been proved to be erroneous, since 
the nerves in Actimn and C/iiiimi, like those of the prosobranchs, are 
twisted or streptoncurous. And as to the torsion of the gastropod 
bod}’, recent research, in which one of m\’ pupils has played a part, 
involving the discovery of paired reno-pericardial apertures in Ilali- 
otix, PatvUn^ and Tmchux, has resulted in proof that the dextral tor- 
sion which leads to the monotocardiac condition, does not uniforml}’ 
affect all organs lying primitiveh' to the left of the rectum, as we have 
been taught; since, concerning the renal organs, it is the primitively’ 
(pretorsional) left one which remains as the functional kidney’, its 
ostium as the genital aperture. Nor is the primitively’ right kidney’ 
necessarily’ lost, for while its ostium remains as the renal oriffee, its 
body, by modification and reduction, may’ become an appendage of the 
functional kidney, the so-called nephridial gland. And we now know 
there are cases of sinistral torsion of the visceral hump, in which the 
order of suppression of the organs is not rei'ersed, the arrangement 
being one of adaptation of a dextral organization to a sinistral shell. 

Though thus specialized and a.symmetrical as a group, the gastro- 
l)ods are yet plastic to an unexpected degree. Madagascar has y’ielded 
a Physa {P. himdlata) with a neomorphic gill, a character shared by 
species of Plmiorhis {P. cornvus and P. iiuirgiiuitux), and an ^l?/ry7«s 
in which the lung sac is suppres.sed; while St. Thomas Island has 
given us a snail (ThyrojAoreUii thomensis), the peristome of whos'e 
.shell is produced into a protective lid. 

In paleontology’, history records the fact that in 1864 Huxley’ 
observed that the genus Bth-innifrx appears to have borne but six free 
arms, a startling discovery’ which lay dormant till the present y’ear. 
And the recent study’ of the fauna of the great African lakes, in bring- 
ing to light the existence of a halolimnic mollu.scan .series in Lake 
Tanganyika, has opened up new po.ssibilities concerning the paleon- 
tological resources of enormous afjueous deposits, recently’ discovei’ed 
in the interior, and has entirely’ changed our geological conceptions of 
the nature of equatorial Africa. 

Time prevents mv dealing with other groups, and it must suffice to 
say’ that with those I have not considered substantial work has been 
done, h rom what has lieen .said, it is natural to expect that in some 
direction or another so va.st an accumulation of facts mu.st have 
extended the Darwinian t.aiching; and it is now quite clear that this 
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has been the case with the two post-Darwinian principles known as 
“Substitution"’ and Isomoiphism or “Convergence.” 

The former may be exemplified by nothing better than the case of 
the Eays and Skates, in which, under the usuipation of the propelling 
function of the tail by the expanded pectoral fins, the tail, free to 
modify, becomes in one species a length^’ whiplash; in another a ves- 
tigial stump; in others, Iw the development of powerful spines, a for- 
midable organ of defense. In Iwth the Raj s and certain other fishes 
subject to the working of tliis law, modification goes further still, in 
the appearance of electric organs in remoteh’ related genera and 
species, by specialization of the muscular .system of the trunk or tail, 
or, as in the ease of ^fatapterurux, of “tegumenfiil glands.” In this 
we have a difficulty admitted by Darwin himself, which now becomes 
clear and intelligible, since there is nothing new. There has simply 
come about the conversion, in one case of the energy of muscular con- 
traction, in the other of glandular .secretion, into that of electrical 
discharge, with accompanving structuml change. The blind locust 
(Pdchijranuna faxcifet') of the New Zealand limestone caves presents 
an allied case, .since here, under the reduction of the eye, the antenna?, 
elongated to a remarkable degree, have become the more efficiently 
tactile; and it Is an intere.sting question wliether this principle may 
not explain the attenuation of the limbs in the recenth’ discovered 
American proteoid {Typhlomohja ratltburni) of the Texan subterra- 
nean waters. • 

And as to isomorphism, by which we mean the assumption of a 
similar structural state liy members of diverse or independent groups, 
I would recall the case of the Eocene Creodont Pntnofdis and the 
Seals, and that of the Myriapods to which 1 have already alluded, and 
would cite that of the Dinosaurs and Birds, heterodox though it may 
appear, for reasons I have given. 

As our knowledge increases, there is every rea.son to believe that, 
in the nonappreciation of these principles in the past, not a few of 
our cla.ssifications are wrong. We have even had our bogies, as, for 
example, the so-called Phy.semaria, which deceived the very elect; and 
before I close I wish to deal briefly with a fpiestion of serious doubt 
which the.se considerations suggest. 

It is that of the position in the zoological series of the Limuloids, 
popularly termed the King crabs. These creatures, best known from 
the opposite shores of the northern Pacific, but found in the oriental 
seas as well as far south as Torres Strait, have been since 1829 the 
subject of a difference of opinion as to their zoological position and 
affinities. Within the last twenty years there have been three deter- 
mined advances upon them, and of these the third and most recent 
may be first discussed. It has for its object the attenqfi to prove 
that they are intimately as.sociated with the cephalaspidian and other 
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shiold-hearino’ tishes of the Devonian and Silurian epochs, and that 
through them they are ancestral to the Vertebrata. The latest phase 
of this idea is based on the supposed existence in a Cephalasjyls of a 
series of twent\ -tive to thirty lateral appendages of arthropod type. 
When, however, it is found that the would-be limbs are but the edges 
of body scutes misinterpreted, suspicion is aroused; and when, work- 
ing back from this, an earlier attempt reveals the fact that the author, 
compelled to find trabecuhe, in order to force a presupposed compari- 
son between th(' architecture of the C’ephalaspidian head shield and 
the Limulus' prosomal hood, resorts to a comparison between the 
structure of the former in general and that of the cornu of the latter, 
with details which on the piscine side are not to date, the argument 
must be condemned. It violates the first principles of comparative 
morphology, and is revolting to common .sense; and as to the tishes 
concerned, we know that they have nothing whatever to do with the 
Limuloids, for we have already seen that, with their allies the Pteras- 
pidia*. they are a lateral branch of the ancestral piscine stem. 

The second advance upon the King crabs has very much in common 
with the first. It has engrossed the attention of an eminent phi’siolo- 
gist for the last six or s(‘ven years, and by him it was in detail set 
before Section I at our meeting of ISthk Suffice it to say that it specially 
aims at establishing a structural community between the king crabs 
and certain vertebrates, favorable to the conviction that the vertebrata 
have had an arthropod ams'stry. When we .critically survey the 
appalling accumulation of words begotten of this task, it is sufficient 
to consider its opening and closing pha.ses. At the outset, under the 
conclusion that the vertebrate nervous axis is the metamorphosed 
alimentary canal of the arthropod ancestor, the neci'ssity for finding 
a digestive gland is mainly met by hoinologizing the so-called liver of 
the arthropod with the cellular arachnoid of the larval lamprei'. in 
violation of th(' first principles of comparative hi.stologv. At the close 
we find ingenious attempts to homologize nerve tracts and commissures 
related to the organs of sense, such as are invariably pre.sent wherever 
such organs otaair. Suffieient this to .show that the comparison, in 
re.spect to its leading features, is in the opening case strained to an 
unnatural dcgn'c. in the closing case no comparison at all. Finding, 
as we do. that the rest of the ivork is on a par with this, we are com- 
pelled to reject the main conclu.sion as unnatural and unsound; and 
when we s(>ck the explanation of this remarkable course of action, we 
are forci'd tobelie\ e that it lies in the failure to understand the nature 
of the morphological method. For the proper pursuit of comparative 
morphology, it is not sufficient that any two organisms chosen here 
and thcK' should bi* compartsl, with total disregard of even elemental^ 
piiniiples. ( omparison should Im' first close and with nearlv related 
onus, p.issing later into larger groups, with the progressive 
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elimination ot those cliaractei‘.s whieh are found to be least con- 
stant. And necessary is it, al)Ove all things, that in instituting com- 
parison it should be first ascertained wh .t it is that constitutes a 
crustacean, a inarsipobranch. a cyclostome, and so on for the rest. 
AVe have tried to accept this theory, fascinated both bj’ the arguments 
employed and by the idea itself, which for ingenuitv it would be ditfi- 
cult to beat, but we can not: and Ave dismiss it as misleading, as a 
fallacy, begotteii of a misconception of the nature of the morphologi- 
cal method of research. It is of the order of events which led Owen 
to compare a cephalopod and a vertebrate, led Lacaze-Duthiers to 
regard the Tunicata and Lamellibranchs as allied; and with these and 
other heresies it must be denounced. 

Passing to the third advance, extending over the last twenty I'ears, 
it may be said to consist in the revival of a theory of lS2y, which 
boldly asserts that Limulus is an Ai-achnid. In the development of 
the debmse there have been two weak points but lately strengthened, 
viz, th(' insufficient consideration of the paheontological side of the 
cpiestion and of the presence of tracheie among the Arachnida. Under 
the former there Avas, until recently, assumed the absence of the first 
pair of appendages in the hiurypterida; but it may be said that they 
have since been observed in of the Russia Silurian, 

and sc(>ticu.-< from the Pentland Hills, in both of Avhich they consist 
of small chelate appendages fiexed and liinuloid in detail, somewhat 
reduced perhaps, and inclosed by the bases of the succeeding limbs, 
whieh l)ecome apposed as the anterior end is reached. Since by this 
discovery the Limuloids. Euiypterids, and Scorpionids are brought into 
a numerical harmoiyv of limb-bearing parts, avc may at once proceed 
to other jioints at issue. So far as the broader structural plan of Lini- 
ulus and the Scorpion are concerned, all Avill agree to a general com- 
munity, except for the organs of re.spiration ; but concerning the 
cadom. the mobile spermatozoa, and the more detailed features under 
Avhich Ijimulous is liidd to ditt'er from the Crustacea and to rt'semble the 
Arachnida, I avouUI remark that Avhile motile spermatozoa are charac- 
teristic of the Cirripedes, the rest of the argument is Aveakened, ])A' the 
probability that the “arachnidan" characters Avhich remain may well 
have been po.ssessed by the crustacean ancestors, and that Limulus, 
though specialized, being still an ancient form, might have retained 
them. The difficulty does not seem to me to lie in this, nor Avith the 
excretory organs, if Ave arc' justified in accepting the aforementioned 
argument that the so-called Alalpighian tubes may be inturncHl neph- 
ridia, ectodermal in origin, and in knoAvledge of the existence of 
endodermal excu'etory diverticula in the .Vmphipods. The.se facts 
Avould seem to suggest that as our c'xjAeriencc' widens, diti'erencc's of 
this kind Avill disappear. 
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As to the tracheal siLstem, now adequately recognized 63" the 
upholders of the arachnid theor3’, the presumed origin of tracheae 
from lung books, the probahiliti' that the ram's-hora organ of the 
Chernetidte may be tracheal, the presence of tracheae in a simple form 
in the Acari, and, bv wa}' of an anomal3', in a highli' organized form 
on the til)ite of the walking legs of the harvest men (Phalangidie), are 
all features to be borne in mind. Whiie I am prepared to admit that 
this wide structural range and varied di.stribution of the tracheae less- 
ens their importance as a criterion of affinitv. I can not accept as 
conclusive the evidence for the assumed homolog}" between lung books 
and gills. And here it mai’ be remarked that a series of paired 
abdominal vesicles, rcceutU' found in the remarkable arachnid lueuf’n ia, 
invaginate as a rule, but in one example everted, seized upon in 
defense of this homologi', have not been so regarded l)v those most 
competent to judge. 

There remains the entosternite, an organ upon which much empha- 
sis has been placed. Not onh' does a similar organ exist, apart from 
an endophragmal si'stem, in Ci/cfop-s, some Ostracods and Deca- 

pods: but, regarding the question of its histolog}', it mai' be pointed 
out that from all that is at present known the structural differences 
between these several entosternitcs do not exceed those between the 
cartilages of the Sepia bod}’. And when it is found that the figures 
and descriptions of the entosternite of J\[>jgale{’'‘ My gale sp. “ iMygal- 
omorphous Spider." n/nf.) have been thrice presented upside down, 
the reliability of this portion of the argument is lessened, to say the 
least. 

Kecent observation has sought to clench the homology of the four 
posterior pairs of limbs of the King crab and Scorpion, by appeal to a 
furrow on the fourth segment itv the foi’mei', believed to denote an 
original division into two; but I hesitate to accept this until myologi- 
cal proof has been sought. 

Returning, amidst so much that is problematic, to the sure ground 
of paleontology, 1 wish to point out that when all is considered in 
favor of the arachnid theory there still remains another way of inter- 
preting the facts. 

In both Limulus and the Scorpion the first six of the eighteen seg- 


ments are well known to be fused into a prosoma bearing the liml)s, 
but while in the Scorpion the remaining twelve are free, in Limulus 
they ai'c united into a compact opisthosomal mass. In dealing with 


the living arthropods, there is no character determinative of position 
in the scale of this or that series more trustworthy than the antero- 
posterior fusion of segnnents. It has been called the process of 
cephalisation, and the degree of its backward extension furnishes 
the most leliable standard of highne.ss or lowness in a given assem- 
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blage of forms. In passing’ from the lower to the higher Crustacea, 
we find this fusion increasing as we ascend; and it therefore 
becomes necessaiy to compare the Scorpion with the other Arachnida, 
Limulus with the Eurypterida, in order the better to determine the 
position of each in its respective series by the application of this 
rule. 

As to the number of segments present, variation is a matter of small 
concern, in consideration of the mode of origin of segmentation and 
the wide numerical range — from seven in the Ostracods to more than 
sixty in Apus — the segments of the crustacean class present. 

On the arachnidan side, in the Solifugie but the third and fourth 
segments are fused; the remaining four of the prosomal series with 
the ton which remain are free. In Kancnkt four of the prosomal seg- 
ments alone unite; the fifth and sixth with the rest are free. And 
when we pass to the Limuloids and the descending series of their 
allies, we find it distinctive of the Eurypterida that all the opistho- 
somal segments are free. If we can trust these comparisons, we must 
conclude that the Eurypterida of the past, in respect to their segmen- 
tation, simplify the Liniuloid type, on lines similar to that on which 
the Solifugw and Kcenenia simplify the Higher Arachnid and Scor- 
pionid type, and that therefore if the degree of antcro-posterior fusion 
of segments has the significance attached to it, Lhinih/n and Scorpio 
must each stand at the summit of its respective series. If this be 
admitted, it has next to be asked if, in comparing them, we ma}' not 
be comparing culminating types, which might well be isomorphic. 

The scorpions are known fossil b\' two genera, Paiteojjhonus and 
Proscorpius, from the Silurian of Gotland and Lanarkshire, the Pent- 
land Hills, and New York State; while recent research, in the discov- 
er}^ of the genus Strnhop.i, has traced the Eurypterida back to the 
Cambrian, leaving the scorpions far behind. One striking feature of 
the limbs of the Paleozoic Euiypterids is their constantly recurring 
shortness and uniformly segmented character, long known in Slimo- 
nia, and less conspicuously in Penjjotii>< itself, retained with devel- 
opment of spines in three of five known appendages of the recently 
described eurypterid giant Styloinirns. The minimum length yet 
observed for these appendages is that of the Silurian species Euryp>- 
term Jischcri, discovered by Holm in Russia in 1898. This creature 
is one of the few euiypterids in which all the appendages are pre- 
served, and it is the more strange, therefore, that the advocates of the 
arachnid theory should ignore it in their most recent account. Allow- 
ing for the specialization of its sixth prosomal appendage for swim- 
ming, the fifth is but little elongated; the second, third, and fourth 
are each in total length less, by far, than the transverse diameter of 
the prosoma, and uniformly segmented, giving the appearance of 
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shoi't suitenna'. The\' .seem to be .seven jointed, and are jii.st sneh 
appendaoes as exist in the .simpler eru.stacean and traclieate forms; 
and in the fact that their .structural .simplicit}' is correlated with the 
independence of the whole .series of opi.sthosomal segments they lend 
support to the argument for isomorphism. 

With this conclusion we turn once more lO the Scorpions, if per- 
chance something akin to it may not be in them forthcoming. I’he 
Silurian genus l^thvophvnus, e.specially as represented by the Gotland 
specimen, reveals the one character desired. Its body does not appear 
to be in any marked deg-ree simpler than that of the living forms; but 
on turning to its limbs we find the four posterior pairs, in length 
much shorter than those of any living .species, all but uniformly seg- 
mented. In this the}’ approximate toward the condition of the limbs 
of the Eurypterida just dismi.s.sed, and their condition is .such that had 
they been found fossil in the isolated state they would have been 
described as the limbs of a Myriapod, and not of a scorpion at all. 
Indeed, their very details are what is required, since in the possession 
of a single terminal claw they differ from the limbs of the recent scor- 
pions as do those of the Chilopoda from the hexapods. 

With this the .scorpionid type is carried back, with a structural sim- 
plification indicative of a parallelism with the other arthropod groups; 
and while the facts do not prove the total independence of the scor- 
pionid and limuloid .series they bring the latter into clo.scr harmony 
with the Eurypterida of the pa.st. They prove that the Silurian Scor- 
pions simplify the existing Scorpionid tyi)e on prt'cisely the lines on 
which the Eurypterida simplify the Limuloid: and they do so in a 
manner which suggests that a di.stinction beLveen the Vnontii.cia vetu 
and the L'nidiuxn tji<i((iit<ixiriicn (to include the Euiwpterida and 
Xiphosura) is the nearest (‘xpression of the truth. It l)ecomes thereby 
the more regrettable that in a recent revision of the taxonomy of the 
Limuloids the generic name Curdno-sforji ! should have found a 
place. 

I foresee the objection that the anteuniform condition of the shorter 
limbs may be secondary and due to change. There is no proof of this. 
Against it. it may he ."aid that the number of the segments is normal, 
and that where nature effects such a change elongation is with the 
multiarticulate state the only j)rocess known; as. for example, with 
the second leg of the Phrynidau the .so-called second pareiopod of the 
Polycarpidea. and the la"t abdominal appendage of Ajixciidix. 

'lhat advances such as wc have now considi'red shoidd lead to new 
departures i^ a necessity of the cas(‘, and it but remains for me to 
remind you that within the last decade statistical and experimental 
methods have very properly come more ])i’ominently into vogue, in the 
desire to solve the problems of variation and heredity. Of the statis- 
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tical method, by no means new. I hav'e but time to recall to you the 
presidential address of 1898 by my friend and predecessor in this 
chair, himself a pioneer; and of the experimental method I can but 
cite an example, and that a most satisfactory one, justifying- our con- 
tidence and support. It concerns the late Professor Milne-Edwards, 
who in 1S«4 described, from the Paids Museum, the head of a rock 
lobster (l^iUnxm^ jxxueHIatxN) having- on the left side an antennifoi-m 
eyestalk. With the pcrspicuit 3 ’ distinctive of his race, he argued in 
favor of the •‘fundamental similarity of parts susceptible to revert to 
their opposite states.” The matter remained at this till, on the 
removal of the ophthalmite of certain Crustacea, it was found that in 
regeneration it assumes a uniramous multiarticulate form, and it is an 
interesting circumstance that in the common cravtish the biramous 
condition normal to the antennule may occur — an example this of a 
fact which no other method could explain. 

When all is said and done, however, it is to the morphological 
method that I would appeal as most reliable and sound. And when 
we find (1) that in certain Compound Tunicates the atrial wall, in the 
egg development delimited by a pair of ectoblastic invaginations, in 
the bud development maj' be formed from the parental endodermic 
branchial sac: (i!) that regenerated organs are by Jio means derivative 
of the blastemata whence they originally arose: (8) that in the devel- 
opment of a familiar startish the inner cells of the earliest segmenta- 
tion stages, by intercalation among the outer, contribute half the fully 
formed l)lastula; (4) that there are Diptera in existence in which, while 
it is well nigh impossible to discriminate between the adult forms, 
there is reason to belie^'e the pupa cases are markedly and constanth^ 
distinct, it becomes onlv too evident that the later cmbr\'onic and 
adult states are those most reliable for all purposes of comparison, 
and that it is ly these that our animals can best be known and judged. 
Caution is, howevei’, necessarj' with senilitv and age, since certain 
skulls have been found to a.s.sumc at this period characters and pro- 
portions strikinglv abnormal, and b_v virtue of the most important 
discoverv, which we owe to the Japanese, that in certain Holothu- 
rians the calcareous skeletal deposits ma_v so change with age as to 
render specitic diagnoses based on their presumed immutability 
invalid. Advance, real and progressive, is in no department of 
zoological iiKjuirv better marked than comparative morphology, and 
it is for the preeminence of this that I would plead. EducationalW, 
it affords a mental discipline second to none. 

We live bv ideas, we advance bv a knowledge of facts, (-ontent to 
discover the meaning of phenomena, since the nature of things will 
be forever be_vond our grasp. 

And now my task is done, except that 1 feel that we must not leave 
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this place without a word of sympathy and respect for the memorj’ of 
one of its sons, an earnest devotee to our cause. William Thompson, 
born in Belfast, 1806, became in due time known as “the father of 
Irish natural histor}’." By his writings on the Irish fauna, and his 
numerous additions to its lists, he secured for himself a lasting fame. 
In his desire to benefit others, he early associated himself with the 
work of the Natural History Society, which still flourishes in this city. 
He was president of this section in 1843, and died in London in I85i!, 
while in the service of our association, in his forH-seventh year, 
beloved by all who knew him. His memory still survives; and if, as 
a result of this meeting, we can inspire in the members of the Natural 
History and Philosophic Society of this city, as it is now termed, and 
of its Naturalists’ Field Club, an enthusiasm equal to his, we shall not 
have assembled in vain. 



(;ORAL/' 


By IB’. Loos Koule. 

Prof*>'iio)' <if (he ( uhcrsitif o/‘ Toufoitxt\ Fra/itr. 


Will this hoiiutiful material, whoso color is >o \ ivid and so pure, 
over a<faiii come into fashion ? It has fallen into comph'to discredit, 
easily supplanted by common glass jewelry and cheap pearls, yet there 
are signs of its return. 

Kecognizecl and appreciated in atu-ient times, it Mas knoM ii to be 
dredged from the depths of the sea, Avhencc' it appeared in the form of 
hard, arborescent masses like p(“tritied branches, that even in this 
crude state showed color and Idoom. It Mas also known that it M’as 
reneM'cd by growth, for after several years it could again be gathered 
from a place that had previously been raked and Morked. Its appear- 
ance' and groM’th seemed to indicate that it Mas really a tree' — a special 
sort of vegetable that grcM' at the bottom of the sea. It Mas classed 
M'ith other living forms of diverse characters; (lorgonias, Antipathes, 
iMadrepores, curious alga* encrusted M’ith c.'ilcareous matter, and thesi' 
singular pi'oductions of nature Mere termed '• lithojdivtes," a name 
that accurately expressed the prevailing ideas concei'iiing their nature. 
They Mere all much sought for. either as ornaments or as curiosities; 
but coral Mas l)y far the most valued. Its purplish tint, its hardness, 
the luster and polish which it I’eadily took on. gave it the preeminence. 

An Italian, ilarsigli, who had ))cen dri\ en by political struggles 
into exile on the coasts of Provence, and his friend Peyssonel, a phy- 
sician of ^Marseilles. Mere the first to recognize, a century and a half 
ago, the real nature of coral. Their observation-., though accurate 
and sagacious, w’ere so at variance M’ith the beliefs of that period that 
Reaumur, to M’hom they were submitted. Mould not accept them, and 
thought it charitable to advise their authoi's to be more circumspect. 
According to them, coral Mas neither a stone nor a marine plant. 

"Translated hy author’s pennission from l>a Jvature, Pari.-, No, 1.50!), April L’d, 11102. 
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Their studies, especially those of Pey.ssonel, led them to consider it 
as an animal. Having- token coi-al recently gathered, the}" put it in a 
basin filled with sea water and examined it with care. The arbores- 
cent stone was covered with a softer flesh, likewise colored red, and on 
that flesh Avere living numerous animalcuhe provided with movable 
tentacles. These creatures really formed a part of the flesh which 
ensheathes the stone, producing it as the organism of many animals 
produce the mineral substance of their shell or their skeleton. Peys- 
sonel thus corrected one of the most serious errors of natural history. 
He not only placed in its true position an important group of marine 
creatures, but also corrected a mistaken view which had led to search 
in the wrong field for connecting links between the two great kingdoms 
of nature. 

These inA"estigations Avere so searching and thorough that an entire 
century passed before much Avas added to this discovery. It Avas 
about the middle of the last century that our knoAvledge of coral Avas 
increased by ncAV acquisitions deri\'ed from the patient and persevering 
studies of an eminent Fi-ench zoologist, H. de Lacaze-Duthiers, who 
has just left us after a life cleA'oted wholly to science. From that time 
coral Avas understood. 

The red stone is nothing le.ss than the skeleton produced by minute 
animals, and serving for their support. Thanks to it they lift them- 
selves above the rock to Avhich this skeleton is attached, and maintain 
themselves erect in the Avater Avhicli surrounds them. This skeleton 
is arborescent, and its tree-like ajApearance gave rise to the ancient 
error concerning its nature. It has a trunk fixed on a solid suppoi't 
and knotted branches that extend in every direction. It is sometimes 
several feet in height and the thickness of its principal branches may 
be half an iiu-h or more. Each truidv and branch carries, scattered 
over its surface, some millimeters apart, arranged Avithout any 
apparent order, animals similar to each other, having the structure 
that characterizes the s>-roup of jmlyps. The bases of these creatures 
enlarge, thicken, and unite, forming by this union a sheet that sur- 
rounds the skeleton like a sheath, enveloping it wholly, following all 
its branches and nodosities. Together Avith the polyps, this is the 
living and fleshy portion, the “ .sarcosome of the collection. Its 
internal surface is clo.sely applied to the stony skeleton to Avhich it 
gives origin; it produces it and continually .secretes new layers in 
addition to those already existing. These layers are made of calcareous 
matter colored red by a .special substance; the sarcosome secretes 
them as the mantle of a mollusk produces the shell that protects the 
animal. 

The stimcture of each polyp is A'ery simple. It is from 3 to I mm. 
in height and 2 to 3 ram. in diameter. Withdrawing at the slightest 
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alarm and folding itfself up with the greatest ease, so as to be almost 
indistinguishable from the sareosome, it then shows on the surface 
only as a slight, barely \ isible, nipple-like projection. When expanded 
it bears at its summit eight delicate tentacles, with fringed borders, 
that can be moved al)out in e^ ery direction. The body itself, cj lin- 
drical in form, consists only of a delicate, transparent wall surround- 
ing a spacious caviW, divided into compartments by eight vertical 
septa. This internal sac opens externalh' by a mouth in the middle of 
the space surrounded by the tentacles; at the other extremity it is 
prolonged as a canal that extends into the sareosome, ramifies there, 
and unites with similar branches that originate from neighboring 
polyps. All intercommunicate by means of these canals. The entire 
assemblage is a colony, a polyp community in which each individual 
is joint-stock owner. Not only does their common skeleton sustain 
them all alike, the food seized b\' the tentacles of one does not nourish 
him alone, he shares it with his neighbors. The}’ subsist upon small 
creatures which are digested and I’endered assimilable in the interior 
cavity of the body. The polyps annually produce eggs upon the thin 
septa which divide this interior ca\'itv. After fecundation is accom- 
plished these eggs go on to develop without Icnving the cavity, becom- 
ing free-swimming larva* resembling microscopic worms whose surface 
is covered with vibratilc cilia. These embryos swim about in the 
maternal cavity, finally pass out of the mouth, abandon their singular 
shelter, and wander forth at random. The-se beings are of such 
elementary structure that one organ performs all their functions. 

Many of these larvic are pursued, seized, and eaten by marine crea- 
tures stronger than they. Those which escape fix tlicmselves, after a 
period of vagabond existence, to a rock or a shell and thei'e become 
modified into polyps, growing external tentacles and internal septa. 
Then each polyp, far from remaining solitary, produces at its base 
expansions or buds which increase, develop, and in turn become 
polyps. This budding gives rise to a young colony, as yet minute and 
spread out over its support. The little .sareosome then commences to 
display its ])cculiar activity. It forms l)v secretion an outline of a 
calcareous skeleton, which it attaches to the sui)port and constantly 
enlarges by the addition of new layers. On this it erects itself as on 
a protuberance. The colony continues to bud, the sareosome to 
increase and to deposit new calcareous matter. The skeleton enlarges, 
elongates, and ensheaths itself with sai’cosome, which constitutes for it 
an axis of support, this term being often used to designate it. It 
ramifies. The polyp community thus arises; it constantly increases, 
and it derives its origin from the minute larva engendered by one of 
the polyps of a neighboring community. 
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Coral is thus the product of an animal association. It is not the 
only one; other inferior creatures belonging to the class of polyps 
sustain and protect themselves hr- means of calcareous rods or envel- 
opes produced in the same way. This is. however, one of the most 
characteristic and best known. Its history, save some variations of 
slight importance, applies to an entire group, and its principal interest 
depends upon the contrast between the weakness of the polyps and the 
great size of the polyp community. There, as everywhere, union is 
strength. The isolated individual counts for but little, but association 
and mutual aid produce great results. Iklan often might search in 
nature, even among the most minute beings, for rules for his conduct. 
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By Gilhekt H. Gi{o.s\ exok, 

Kflitor ( if’ofjrnphK' Mwfdzint'. 


Twelve j’cars ug'o Dr. Sheldon Jackson l)rou<^ht his first herd of 16 
reindeer across Berini;' Strait from Siberia and started his reindeer 
colony at Unalaska, otf the bleak coast of Alaska. iNIany then smiled 
at the experiment and declared his plan for stoekino’ tlie great barrens 
of northwestern Alaska with thousands of the animals which for cen- 
turies had been indispensable to the natives of Lapland and Siberia 
■was impracticable and wasteful of time and good money. But the 
experiment prospered from the very first. Other reindeer, number- 
ing nearly l,(»do in all, during the succeeding years were ))rought over 
from Siberia. To-day there are nearlv 6,000 liead in the 's arious herds 
distributed along the Alaskan coast from Point Barrow to Bethel. 
The existence of the .36,600 natives of northwestern Alaska, as well as 
the success of the miners who are begimdng to thi'ong into the interior 
of the Territory in the far north, are dependent upon these domestic 
reindeer; theii- clothing, their food, their transpoitation, their uten- 
sils, and their shelter are all furnished tlami by the nfindeer. 

The reindeer enterprise is no longer an experiment, although still in 
its infancy. There are d06,0oo square miles of barren tundra in 
Alaska where no horse, cow, .sheep, or goat can find pasture; but 
everywhere on this vast expanse of frozen land the reindeer can find 
the long, fibrous, white mo.ss which is his food. There is plenty of 
room for 10,606,000 of these hardy animals. The time is coming 
when Alaska will have great reindeer i-anches like the great cattle 
ranches of the Southwest, and the}' will be no less profitabh'. 

The story of the iiu-eption and growth of the reindeer enterprise in 
Alaska is \ erv int('resting and i.-' not gt'iierally known. During an 

« Re]>rinte(l by periiiis.-ioii fruin tlie Xatioiial < Jedgrajihic ]\Iagaziin‘, Vol. XIV, 
No. 4, April, WOS. 
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extended trip of inspection of the missionary stations and Government 
schools in Alaska in the summer of 1890,“ Dr. Sheldon Jackson was 
impressed with the fact that the natives in arctic and subarctic Alaska 
were rapidly losing the sources of their food supply. • Each year the 
whales wei'e going farther and farther north, be 3 'ond the reach of the 
natives, who had no steamships in which to pursue them; the walrus, 
which formerlv had been seen in herds of thousands, were disappear- 
ing: the seals were becoming exterminated, and in winter the Eskimo 
had to tramp l.i to 20 miles out on the ice before he could catch one. 
The modern hunter, with his steam launches and rapid-lire guns, had 
found the whales, walrus, and seals such easj' prej- that he was rlith- 
lesslv destro^’ing them. Also the wild caribou, that the native had 
easih’ captured before, had been frightened awaj' and was rarelv seen. 

Not onlv was tin' Eskimo losing his food, but what in an arctic cli- 
mate is no less imiiortant, his clothing as well. The whalebone, the 
ivorv tusks of the walrus, the seal skin, and the oil had given him 
means of barter with the Siberian tniders across the strait, from whom 
he obtained reindeer skins to keep him warm in winter. 

Dr. Jackson saw that unle.ss something was done at once the United 
Stsites would have to choose between feetljng the 20,000 and more 
natives or letting them starve to death. The latter course was impos- 
sible, the former rather expensive, as supplies would have to be carried 
some 8,000 miles from Seattle. 'I'he more (mterprising Siberian, liv- 
ing on the opposite side of the strait under practically the same condi- 
tions of arctic cold, got along very iiiceh', as ho had great herds of 
domestic reindeer to fall back upon when game was scarce. The same 
moss which covered so manv thousands of miles of the plains of arctic 
Siberia was seen evervwhere in Alaska. The tame reindeer of Siberia 
was practicall v the same animal as the wild caribou of Alaska, changed 
by being domesticated for centuries. Could not the Eskimo be made 
self-supporting bv giving him reindeer herd,"! of his own! 

On his return to the Enited States in the winter of 1891 Dr. Sheldon 
Jackson, in his animal report to Congres.s, asked for an appropria- 
tion to provide the mone}’ for importing a few deer. Congress was 
not convinced of the wisdom of such action, but several private per- 
sons Avere so interested that thoA' placed S^,U0() at Dr. Jackson's dis- 
posal to tx'gin the experiment. The first deer AA’ere brought over that 
vear. It was not long, hoAvcA'cr, before the Government realized the 
importance of the niovemmit, and in 1891 appropriated the sum of 

"Dr. Sheldon .lacksoii first visited Alaska in 1877, in the interest of schools and 
missions. He made a second triii in 187!). Other visits followed, and since his 
appointment as p'eneral a^'ent of education in Alaska in 188.') he has made annual 
visits to the Territory. 



Plate I 



Herd of Reindeer Crossing a River in Siberia. 

(Ull !i Rllnln;^r;lpll li\ Cllii'f MTlillIlftT I! \\ ."^[M-.it.ll (' 
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$6,000 to continue the work. Later the appropriation was increased, 
and during the last several I’ears has amounted to $25,000 annually.® 

The Siberians were at first unwilling to part with any of their rein- 
deer. They were superstitious and, above all, afraid of competition 
and loss of trade across the strait. In 1891 Capt. M. A. Healy, Revenue- 
Cutter Service, commanding the U. S. S. Thetis, was instructed to 
convey Dr. Sheldon Jackson to Siberia and furnish him eveiy possible 
facility for the purchase and transportation of reindeer from Siberia 
to Alaska. 

In carrying out these instructions Captain Healy was obliged to sail 
from village to village for 1,500 miles along the Siberian coast before 
he found an owner willing to barter his reiiideer for American goods. 
None would sell the deer for cash. Of recent veal’s the Siberians 
have been but little less reluctant to part with their deer, though they 
could easily spare many thousands from their vast herds without 
knowing it. 

The first deer brought over were from the Chukches herds — a tough 
and hardy breed. Two years ago Lieutenant Bertholf, Revenue- 
Cutter Service, was commi-ssioned to go to Siberia and to purchase some 
of the Tunguse stock, which are larger, stronger, and sturdier. Start- 
ing from St. Petersburg, after a long journey across Siberia, much of 
it b}' sled, he succeeded in purchasing several hundred Tunguse rein- 
deer near Ola, hired a steamer, embarked the reindeer at Ola with 
2,500 bags of reindeer mo.ss, and finally landed 2iM( of the animals in 
good condition at Port Clarence. His experiences during his remark- 
able journey were most interesting, and are admirably desci-ibed in 
his report to Dr. Sheldon Jackson, published in 1902.* 


"Congressional ai)i)r(}jiriatioi).s for tlie intnxlnction into Ala.ska of (tauestic rein- 
deer from Siberia are as follows; 


1894 

18y.5 

1896 

1897 

1898 

1899 


S6,ooti ; 

imi. 

125,000 

7, .500 1 

1901 

25, 000 

7, .>00 

1!H)2 - 

25, 000 

12,000 ; 

190.! 

25, 000 

12,500 1 
12, .500 ' 

Total 

158,000 


Congress intrusts the general charge of the work to the Bureau of Education, of 
which Dr. William T. Harris is the distinguishetl head; the formulation of j)lans and 
their execution is intrusted to Dr. Sheldon Jackson, general agent of education in 
Alaska. Dr. Harris, in his annual reports to Congress, has vigorously urgeil the 
importance of the work, and t<j him credit is due for a large share of its success. 
Capt. M. A. Healy, and the many officers of the Revenue-Cutter Service, whose vessels 
have, year after year, carried the agents of the Bureau hack ami forth ami brought the 
reindeer from Siberia uithout charge, have also contributed to the success of the 
reindeer enterprise. 

“Report on the Introduction of Domestic Reindeer into Alaska,” by Sheldon 
Jackson, LL. D., 1901. Appendix, Expe<lition to Siberia, report of Lieut. E. P. 
Bertholf, Revenue-Cutter Service, i)p. 130-168. 
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THE ESKIMO AS HERDERS. 

With careful training- the E.skimo make excellent herders. Thej' 
are by nature good imitators, though not inventive, and readily learn 
how to take care of the reindeer, to throw the lasso, to harness and 
drive the deer, and to watch the fawns. Siberian herders were at 
first imported to teach them, and later the more intelligent and effi- 
cient Laplanders, who have learned by <-enturies of experience to give 
to the breeding of reindeer the cai-e that we give to the breeding of 
cattle. In the winter of IShS sixty-three Laplanders and their fami- 
lies volunteered to go to Alaska, the United States Government pay- 
ing the expenses of their long journey of lo.uOd miles. hen their 
term of enlistment expired some reenlisted, some of them went home 
again, but the majority turned miners. Everyone Avill be glad to 
know that at least two-thirds of the whole number made fortunes in 
the Cape Nome gold ticlds. 

The reindeer herders have to l>e watchful. Now and then reckless 
miners try to plunder the herds, or by their carelessness set tire to the 
moss. A tire will sweep over the moss barrens, licking up every fiber 
of the moss, as it sweeps over our western prairies. A moss fire is 
even more destructive, for many years pass before the mo.ss will grow 
again. 

At the end of a year's service the Gov('rninent makes a gift to 
deserving herders of two or more reindeer. 

REINDEER RAISINO AS AN INDL'STRV. 

When one considers that raising reindeer in Alaska is simple and 
the profits enormous, one i' surprised that as yid no one has really 
gone into the ndndei'r business, especially at Nome, where a rich 
market awaits the n'indeer farnnu-. 

,V fa\Mi during th(‘ first four years costs the owner less than !f'i a 
year. ^Vt the end of the four years it uill bring at the mines from 
iiiau to 15100 for it'' meat, or if trained to tin' sled or for the pack, is 
easily worth 5 loo to ! 51 ."iO. 

The fawns are r i'ry healthy and but few die. The does are prolific, 
and after they are g years of age add a fawn to the herd each vear 
for ten years. Last year, out of oO does '2 years and more of ago in 
one herd. 4s had fawns, and of thi'se only five died, three of which 
weie lost through accidents or by the carelessness of the herder. 

The reindeer arc so gi-egarions and timid that one h(>rd(>r can easily 
guard 1.(100 head. 'I'lie herdei- knows that if a few stray off Inriu'ed 
not look for them, as they will soon bei'ome frightened and rejoin the 
main herd. 

The does make almost as good sled deer as the bulls and geldings, 
though they are slightly smaller and le.ss enduring. 



Plate III. 



Reindeer Herd, Siberia. 

i-niH' I’nlltT />/(// ill (he ottln^. rrmii n {»lif)loi;i-ii|,]i |,\ \ Wn-k 


Plate IV. 



F;g 1. -Outline Map Showing Government Reindeer Stations in Alaska 



Fig. 2. Reindeer on the Siberian Beach. Hobbled, Waiting to be Loaded 
ON THE Bear for Transportation to Alaska 

Frciii ,i i.hiiti.irr.iph by IL X, fl.nib-y, M. I:. 
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The Chukches deer cost in Siberia about ^ a head for a full-grown 
doe or bull. The fawns born in Alaska are larger and heavier than 
the jiarent stock. The Tunguse deer cost nearly $7.50 apiece. B 3 - 
the addition of the Tunguse breed it is hoped that the Alaska stock 
will be improved and toughened. 

The rt'indeer cow gives about one teacupful of \ er 3 - rich milk, nearly' 
as thick as the ])est cream, and making delicious cheese. Mixed with 
a little water, the milk forms a refreshing drink. The Siberians and 
Laplanders sa\'e the lilood of slaughtered deer and serve it in powdered 
form. From the sinews tough thread is obtained. 

RKIXDKEK KXPRE.S.S. 

The Alaskan reindeer can hardh' equal the speed of the Lapland 
deer, which Paul Du Chaillu " describes as making from 150 to 200 
miles a da 3 % and sometimes 20 to 25 miles down hill in a single hour. 
A pair of them can pull a load of 500 to 7(M) pounds at the rate of 35 
miles a da\’ and keep it up weeks at a time. W. A. Kjellmann drove 
his reindeer express one winter 95 miles in a single dai". 

In the winter of 1390 and 1900, between St. Michael and Kotzebue, 
under the Arctic Circle, and betwetm Eaton and Nome, Alaska, and 
in the winter of I'.Hil and 1902, between Nome and Candle, on the 
.Vrctic Ocean, the Cnited States mails were carried with reindeer 
teams. * Lpon the latter route the teams had heavv loads of passen- 
gers and freight and made the distance in eight davs. Dog teams 
would have required tifteeu to twenti' dai’s for the trip. 

The reindeer can tr:i\ el at night as well as in the daylight, and thus 
during the long arctic niglit. when dogs an' inefficient, tninsportation 
is alwavs possible with a reiiuteer team. 

The reindeer make good packers in summer. One hundred and 
tiftv pounds is a fair load. Thev also can be ridden in the saddle, but 
not with much comfort until the ridei- h'aims how to adjust him.self. 
In the Tunguse eountiw the natives u.se their deer in summer as we 
would a mule or horse. It is no uncommon sight to .see a Tunguse 
trotting along the shore deerback. 

Lieutenant Bertholf de.scribes the caravans of I’eindeer sleds in 
northeastern Siberia. Over l.oou sh'ds leave Ola during the winter 
in caravans of about 100 each. A caravan of 100 sleds is managed I)}- 
10 men. Some I’cars ago the Bussian Oovernment used horses on the 
caravan route from Ola to the Kolima River, but ri'centlv substituted 
reindeer, and now savi's $ 00,000 A earlv bv the change. 

" “The Land of the Long Niglit," Paul I)ii C'haillu. t'hark;' Scrihner’s Sons. 

''Since the above was written the I’nited States (iovernnient has given a contract 
to Mr. S. R. Spriggs, of Point Barrow, Ala.-'ka, to carry the winter mail between 
Kotzebue and Barrow with reindeer teams. This is the most northern mail route 
by land in the world. 
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The illustration. Figure 2, PI. VI, .shows the leaders of Lieutenant 
Bertholf'.s party breaking- a path through snow that reached to the 
belly of the deer. A strong wiry deer, unmounted, was driyen first. 
In the deep snow he could adyance only by jumps, but his leaps broke 
the way somewhat for the next few deer, who were also unmounted. 
After a dozen or more unmounted deer had passed bi', deer ridden b}- 
a boy and girl broke the path still further until deer with heayy 
loatls eoidd i)ass. Lieutenant liertholf in this way broke his path for 
Ido niih's through the deep snow. 

Wh(m the cai’ayan halts the deer are turned out to pasture untethered 
and allowed to wander as they will. The driyer uses a switch to touch 
up the slothful, but "soine of the old deer do not seem to mind a 
switch any more than does an army mule." 

Tin- illustration. Plate XI, shows a numlx'r of reindeer digging up 
the snow with their powerful hoofs to get at tin- moss ))eneath the 
snow. As soon as spring comes the deer abandons his diet of moss, 
which seems to l>e most nutritiye in winter, for willow sprouts, green 
grass, and mushrooms. The hoof of the reindeer is as wide as that of 
a good-sized steer and preyents him from settling down into damp 
snow or miry soil. 

RK.INDK.KK LOANED UY THE (iOyERN.MENT. 

The Lniteil Statt's (rOyenmumt loan.s a certain number of the rein- 
deer to the mission stations, or to indi\ iduals who haye shown their 
ability, reserying the right, after tho'C or tivt' years, of calling upon 
the mission station or the indiyidual for th(‘ same number of deer as 
composed the original Inu’d loaned. In ISPi the Congregational mis- 
sion at Cape Prince of Wales was granted the loan of 100 deer. The 
mission ha-- since paid Itaek th<‘ loan, and now possesses in its own 
right 1,000 head. 

A few of the herds, notably that at Cape I*rince of Wah-s. haye 
grown so lai’ge that the owikm’s art' able to kill off some t)f the extra 
males for food for the families of the herders and to sell others to the 
butchers in the neighboring mining camps. Last year deer for slaugh- 
tt'r brought at some of the mining camps from 800 to 8100 each, while 
for male deer trained to harness miners gaye as much as 8150 apiece. 
The herders at this same station t'amed last winter 80)(M1 in gold for 
freighting with their reindt'cr to tlni mining camps. The deer wci'c 
worked in double trace harness like horses, and hank'd on sleds TOO 
l)ounds t'ach. 

Of the Oo indiyidual owners of domestic reindeer in Alaska to-day 
44 art' Eskimo. Most of them haye seryed a fiye-year ap})renticeship, 
and haying earned their deei' are competent to care for them. 

Eaali owner has his own indiyidual mark, which is branded on the 
left or right ear of each of his deer. 



Plate V. 



.ipli iA 1\ Ii-ins(-linU(U 



Plate VI 





Plate VII. 



Freighting with Reindeer, Cape Prince of Walls. 




Plate VIII. 



Milmnq Reindeer, Teller Reindeer Station. 
From a jiliotoonipli 1)\ 'rappiiii .\<lm'\ 
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IMPORTANCE OF REINDEER TO MISSION STATIONS. 

The Bureau of Education hopes that in time each mission station will 
possess a herd of at least 5,000 head. A reindeer herd at a mission 
station in arctic or subarctic Alaska means, sai^s Dr. Jackson: 

‘‘First. The permanence of the mission. 'Without it the natives 
are away from home a larger portion of the 3 ’ear in search of food, 
and, since the advent of the miners, are inclined to halve their homes 
and congregate in the American villages at the mines, where thev live 
b\' begging and immorality' and soon disappear from the face of the 
earth. 

“ Second. It affords the missionarv the opportimitj' of rewarding 
and encouraging those families that give evidence of being teachable 
Iw establishing them in tlie reindeer industrv, and thus greatl}' pro- 
moting their material interests. 

“Third. With the increase of the herd it becomes a source of reve- 
nue through the sale of the surplus males at remunerative prices to 
the miners and butchers. In a few vears this revenue should be suf- 
ticient to entirelv support the mission and thereby relieve the treasuiy 
of the central missionaiy society. 

“ Fourth. The possession of a herd insures to the mission family 
a continuous supi)h’ of fresh meat. This, to a family which is com- 
pelled to live largely ujion salted and canned meats and canned vege- 
tables. is of no small benetit, promoting their comfort, health, and 
usefulness. 

"Fifth. Reindeer tmined to harness and sleds greatly increase the 
efficiency and the comfort of tin* missionarv in ministering’ to outlying 
native settlements.” 


REINDEER FROM LAPLAND. 

The vast majority of the American people have an idea that the 
reindeer exjieriment in Alaska proved a failure long ago. simph’ 
because of the widely' advertised attempt in ISbS. 

In Decemla'r, ISbT, rumors yvere started that American miners in 
the Yukon Valley’ yvere in danger of starvation. Congre.ss appropri- 
ated a large sum for their relief, and commissioned Dr. Sheldon Jack- 
son to go to Noryvay’ and Sweden to purchase 5 bn reindeer broken to 
the harness, with sleds, harness, and drivers, for hauling supplies from 
the head of Lvnn Canal to the destitute mimu’s. l.noo miles awav. 

Dr. Jackson reached Bosekop, Lajiland, in January, purchased 526 
trained deer, gathered 68 Lapp drivers yvith their families, embarked 
them all on one ship, and sailed for Is^eyv York from Ti’ondhjem Feb- 
ruary 4. Only’ one deer died on the y’ovage of twenty’-four day’s, 
though the trip yvas a most tempestuous one, and the deer in pens on 
the dt'ck yvere drenched day’ and night b\’ the seas that broke oy’or 
them. At Neyv York special trains met the e.vpedition and carried 
them across the continent to Seattle yvithout the loss of a single deer. 
Then the troubles began. The supply of mo.ss brought from Norway’ 
became exhausted, and the deer did not like the gr.ass of Seattle. There 
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was delaj’ in .securing' a ves.sel to transport the expedition to the head 
of Lynn Canal, and further delays at Lynn Canal and no moss to be 
found there. 

Nearly 30** of the reindeer died of starvation after reaching' the coast 
of Alaska, because of the failure of the Government to have ready 
suitable arrangements for pushing the herd from the seashore to the 
moss fields at the head of Chilkat River, 50 miles distant. The remain- 
ing weakened by starvation, were driven to the Yukon Valley by 
easy stages, and the relief expedition was abandoned, but, fortunately, 
not before the country had learned that the miners in the Yukon had 
abundant supplies and that the relief expedition had been unnecessai'y. 
The Laplanders who had been brought over were distributed among 
the reindeer stations and emploA’ed to teach the natiA'es. 

This expedition to Lapland was in no Avay connected with the gen- 
eral plan of introducing domestic reindeer into ,A.laska. The reindeer 
])rocurefl by it were all geldings trained to harness. The reindeer for 
breeding iiurposes have all Iteen brought from Siberia. 

RELIEF OF WHALERS AT POINT BARROW. 

The first forcilile realization of the wisdom of the Government in 
stationing reindeer herds in Alaska came to the American people in 
the winter of lsu7-hs. In the fall of ISKT word was received that 
eight whaling ships had been imprisoned in the ice near Roint Harrow, 
and that the 4(i<) American .seamen aboard were stranded without food 
for the long winter till the ice should open in dulv. No vessel of 
relief could get Avithin 2 , 0 (k) miles of the party, or nearer than Deni'er 
is to Boston. Tliere Avas no known method by Avhich proidsions could 
be dragged overland. If the Government had not live years before 
commenced tlie introduction of the reindeer, most of these ddU men 
AA'ould have starved to death before help reached them. Fortunately, 
there Avere large herds of reindeer at Cape Nome and at Cape Rodney, 
over l.ooo miles hy land from Foint HarroAV, or farther than Chicago 
is from New ^ ork. The Government hurried the reA'enue-cutter Bmr'' 
north from .Seattle, carrying three brave A'oluntcer.s — Lieut. David 11. 
Jarvis. Lieut. EllsAVortli F. Hertholf, and Dr. Samuel J. Call. The 
three men were landed December Id, iNhT. at Cape Vancouver, obtained 
some dog teams from the natiA’es. and commenced their dreary journey 
of 2,1)00 miles through tlie arctic night to Foint BarroAV. They collected 
about 450 reindeer from the herds at Rodney and Nome, iind then, Avith 
reindeer instead of dog sleds, and Avith Nlr. W. T. Lopp, agent of the 
American Missionary Society at Cape Frince of Wales, and Charley 

"Ei>r twenty years tlie reveiuie-cntter jBenr has been engafjeit in Arctic work. It 
lias saved the lives of hundretls of wrecktil whalens, and contributed more to the 
comfort and safety of the settlements along the .Alaskan coast than any A’essel in the 
sen-ice. 




Fig. 1.— Traveling Deerback through Deep Snow. 

I ioiii .< pliotoiriMph l>v !' I' ]U‘tlli"li 



FiG 2 . —Lieutenant Bertholf Mounted on Reindeer. Showing 
THE AE'LITY of the REINDEER TO CARRY 210 POUNDS 









Reindfer Tethered During a Halt. 
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Arisartook, a native, and several herders, they pushed on thi’ough 
the storms and ))itter cold of an arctic winter, driving" the deer before 
them. After a journey of three months and twelve days, on March 
29, 1S9S, they reached the destitute whalers, just in time to save them 
from great suffering and death. 

In heroism, pluck, and endunince the journey of these men has 
rarely been etpialed. Congress voted its thanks to the gallant res- 
cuers and awarded them special medals of honor, l)ut in the excite- 
ment aroused throughout the country by the rapid succession of events 
of the Spanish- American war their work was almost unnoticed. 

Sinci' that time a reindeer herd has l>een kept at Point Barrow, so 
there is no longer danger of ice-imprisoned whalers perishing from 
starvation. The expei’iencc also showed the faithfulness of the 
Eskimo. Mr. Lopp had left his wife at the station, the only white 
person among 400 natives, but during his a])sence of nearly five 
months she received nothing but constant courtesy and kindness from 
them. 

DEVELOPMENT OE ARCTIC AND SUBARCTIC ALASKA DEPENDENT ON THE 

REINDEER. 

The original motive in bringing the reindeer to Alaska was purely 
philanthropic — to give the native a permanent food supply. 

Since then the discovery of large and valuable gold deposits upon 
the streams of arctic and subarctic Alaska has made the reindeer a 
necessity for the white man as well as for the Eskimo. Previous to 
the discovery of gold there was nothing to attract the white settler to 
that desolate region, but with the knowledge of valuable gold deposits 
thousands will there make their homes, and towns and villages are 
already springing into existence. 

But that vast region north of the arctic circle, with its perpetual 
frozen subsoil, is without agricultural resources, (iroceries, bread- 
stutfs, etc., must be procured from the outside. Steamers upon the 
Yukon can bring food to the mouths of the gold-bearing streams, but 
the mines are often many miles up the.se unnavigalde streams. Alreadv 
great ditficulty is experienced in securing sutficient food by dog-train 
transportation and the packing of the natives. The development of 
the mines and the growth of settlements u])on streanis hundreds of 
miles apart necessitate some method of speedy travel. A dog team on 
a long journei’ will make on an average from 15 to 20 miles a day, and 
in some sections can not make the trip at all. because they can not 
carry with them a sufficient supply of food for the dogs, and can pro- 
cure none in the country through which they travel. To fai-ilitate 
and render possible frequent and .speedy' communication t)etween these 
isolated .settlements and growing centers of American civilization, 
where the ordinary roads of the States have no existence and can not 
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))e iiiaintiiined, oxta'])! ut uii enormous expensi>, reindeer teams that 
rccjuirc no ))eaten I'oads, and that at the elose of a day's work can 1)e 
turned loose to forag'e for tliemselves, are essential. The introduction 
of reindeer into Alaska makes po.ssible the development of the mines 
and support of a million miners. 

The reindeer is to the far north what the camel is to desert regions, 
the animal whi(di God has provided and adapted for the peculiar, 
special conditions which exist. The g-reater the degree of cold, 
the better the reindeer thrives. Last winter a party with a reindeer 
team made a day's journey with the temperature at 73- below zero. 
On a long journey through an uninhabited countrv a dog team can 
not haul sntlici(‘nt provisions to feed themselves. A deer with 200 
pounds on the sled can travel up and down the mountains and over the 
plains without a road or trail from one end of Alaska to the other, 
living on the moss found in the country where he travels. In the four 
months' travel of 2,0oo miles, from Fort Clarence to the Kuskokwini 
Valley and back, by INIr. A. Kjellmann and two Lapps, with nine 
sleds, 181*0-07, the deer were turned out at night to tind their own 
provisions, except upon a stretch of the Yukon Valley below Anvik, a 
distance of T* miles. 

The great mining interests of central Alaska can not realize their 
fullest devclopunmt until tlic dome.stic reindeer are introduced in suf- 
ficient numbers to do the work of supplying the ndners with provi- 
sions and freight and giving the miner speedy communication with 
the outside world. 

The reindeer is e(iually important to the prospector. Prospecting 
at a distance from the base of supplies is now impossible. The pros- 
pector can go only as far as tin* 1<*(» pounds of provisions, blankets, 
and tools will last, and then he must return. With ten head of rein- 
deer. which he I'au manage single handed, packing lUO pounds each, 
making half a ton of supplies, he can go for months, penetrating 
regions hundreds of miles distant. 

rUTURK OF UEINDEKR IXDUSTJtV. 

Even if no more reindeer are imported from Siberia, if the present 
rate of increast', continues, doubling every three ^u'ars — and 
there is no reason why it should not — within less than twenty-tive 
years there will be at least l,(>0i*,t»0(* domestic reindeer in Alaska. 
This is a conservative estimate and allows for the deer that die from 
natural causes and for the many that will be slaughtered for food. 
In thirty-tive years the number may reach nearly 10,000,000 head and 
Alaska will ])e shipping each year to the Liuted States aiuAvhero 
from 500,000 to 1,000,000 reindeer carcasses and thousands of tons of 
delicious hams and tongues. At no distant day, it may be safely 
predicted, long reindeer trains from arctic and subarctic Alaska 




Reindfer Digging Up the Snow to Get the MobS Beneath 

tmiu '• I.mimI 'll i)ir Ijiii!.’ \mlil,” l*\ r.ml <iii Clunllii, }»,\ «'«iutli‘v\ ol ll 





REINDEKR IN -ALASKA. 


623 


will roll into Scuttle and our most western cities like the great cat- 
tle trains that now every hour thunder into the yards of Chicago. 
Before the end of the present century Alaska will be helping to feed 
the 200.000,000 men and women who will then be living within the 
present borders of the United States. 

Rep’erkn'cks. — For further information on the introiluction of domestic reindeer into 
Alaska, consult the annual reports of Sheldon Jackson, LL. I)., fjeneral af;ent of edu- 
cation in Alaska, for 1891-1902. The rejmrts contain much interestin<r matter about 
Alaska a.s well. They may he obtained froTii the superintendent of public docu- 
ments, Washington, I). C., for a small sum. 

Special mention may be made of the following articles included in the rejiorts: 

“Domesticated Reindeer, with Xotes on the Habits and Customs of the Eskimo 
and Life in Arctic Alaska,” including many (piaint native drawings, by Miner W. 
Bruce, pp. 2.5-117, 1893. 

“The Itinerary of 1895” (descrila's a tour of in.spection ), by Dr. William Hamil- 
ton, assistant general agent of eilucation in .Vlaska, pp. 2W1, 189.5. 

“Report of Wm. A. Kjellmann Describing a Trial Trip of 2,000 Miles with Nine 
Reindeer tsleds,” pp. 41-71, 1897. 

“The Lajjland Reindeer Expedition of 189.8,” pp. 32-40, 1898. 

“Fixpedition to Siberia,” by Lieut. E. R. Bertholf, describing the purcha.se of 
Tunguse reindeer in Sil)eria, pp. 130-108, 1901. 

“Reindeer in Siberia,” pp. 108-17.5, 1901. 

Mention should also be made of: 

“The Cruise of the U. S. Revenue Cutter />'<</(• and the Overland Exjiedition for 
the Relief of the Whalers in the Arctic Ocean, November 27, 1897, to September 13, 
1898,” including, rejiorts of Lieut. D. II. Jarvis, Lieut. F. 1’. Bertholf, and Surg. S. J. 
Call. Government Printing Ottice, 1899. 

“Commercial Alaska in 1901,” by Hon. O. P. .\ustin. Bureau of Statistics, Treasury 
Department, iiji. 3985-3989. 
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Bv W. K. Grkcoky. 

to Prof. If, F. (hhont, of thr Ajiii'rinm Jfusemn of Xotorol llixtorif^ \toi‘ York. 


[Wliile the plan oi this article, and especially the introductory and concluding 
paragraphs, is original, the rest is largely adapted and extracted from an article in 
Harper’s ^Monthly iMagazine for IMarch, 1902, by Professor Osborn, bit some time 
president of the trusti'cs of the Marine Biological l.aboratory, suppleinented by 
extracts from the ninth report of the ^Marine Biological Laboratory for the years 
189(5-1899, and from Prof. E. (i. Conklin’s article in Science, March 2, 1900.] 

The previiiliiio- spirit at Woods Hole Is the spirit of exjtloration. 
The pure dclioht of discovery sustained Darwin in his classic voyage 
on the BctttjJo and Huxley in his criii.se on tlie These 

grtnit names indorse the statement tliat even in themselvi's. from the 
simple natural history standjioint. the phenomena of marine life are 
worthy of intimate and ardent study. But Darwin is forever famous 
not chieflv for his life-long natural history observations, but for the 
grand theory gleaned therefrom — the theory of evolution by means of 
natural selection; and the most enduring monuments to Huxley are 
not only his brilliant contributions to systematic zoology, but espe- 
ciallv his clear statement of all life phenomena as essentially protoplasm 
phenomena. Accordingly the .spirit of exploration at Woods Hole 
manifests itself in the simultaneous pursuit of {'/) natural history and 
evolution, and {!>) biology, the study of the nature of life itself as 
found in protoplasm. 

The enthusiasm for natural hi.story at the IMarine Biological Labo- 
ratory is in part an inheritance from Louis Agassiz, who may be 
considered in a sense as its founder. With Carl Vogt, of Geneva, 
Huxley. Dohrn. and other great natui-alists. Agassiz realized the 
important results which would flow from the study of marine life in 
the li\ ing and fresh condition ali'orded only by a close proximity to 
the seashore. This idea happily culminated in ISTo, when Prof. Anton 
Dohrn founded the beautiful and resourceful station of Naples — the 
great Mecca of all students of marine life. 

Agassiz brought with him. therefore, to America, along with his 
other enthusiasms that for marine stations. In 1878 an eloquent 
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address of hi.s cauo-ht the eye of a New York merchant, Mr. John 
Ander.son. Our tii-st seaside laboratory was established on the little 
island of Penikese, off the coast of Massachusetts, and for one mem- 
orable season a g-roup of men who have since exerted a profound 
inffuence upon natural history worked under this inspiring master. 
All have become leaders, but notably A. Agassiz, Brooks, Jordan, 
Lyman, Mayer, iVIorse, Putnam, “Whitman, and Wilder. “Study 
nature, not books'" and other mottoes embodving Agassiz's Socratic 
theory of teaching zoology adorned the walls of this plain pine 
building, and have fortunately been preserved to perpetuate their 
inffuence at Woods Hole. After a .second season, following the death 
of Agassiz in Decern t)er, 1,S73. this lalmratoiv, somewhat too i.solated, 
as it proved, was abandoned. All the credit for reviving the work 
belongs to Boston, especiallv to a number of ladies, who, in financial 
cooperation Avith Professor Hyatt and the Boston Society of Natural 
History, founded a new laboratory at Annisquam, which in 1SS8 wnis 
finally transplanted to Woods Hole. With Prof. C. O. Whitman, 
one of the di.stinguished pupils of Agassiz, as its director, and with 
the Penikese mottoes upon its walls, we ma}- thus consider Woods 
Hole as the offspring of the Anderson .school. Prof. Charles L. 
Minot, of Harvard, and IMr. Edward G. Gardiner, of Bo.ston, have 
been active in its support. But the administration has gradually 
become thoroughly national in character, including representatives of 
all the larger Eastern and W estern universities. 

Almost midway between the island of Marthas A^ineyard and the 
mainland, and separating Buzzards Bay from '^^ineyard Sound, is the 
long chain of the Elizabeth Islands, Avhich are strung out from 
the soiithAvesteru extremity of Cape Cod. Woods Hole is situated at 
the apex of this extremity and just at the beginning of the chain. Of 
all points along the coast this is the best adapted physically for a sea- 
shore laboratory. About ten years after the abandonment of Penikese, 
Spencer F. Baird selected this spot after having investigated almost 
every aA'ailal)le point on the Atlantic coast Here he succeeded in 
establishing the splendid station of the Lnited States Fish Commission, 
with its ffeet of ves.seis and extensive laboratory facilities, designed 
for the investigation and artificial culture of all edible forms of sea 
life, and a .sympathetic and active factor in the prosecution of pure 
scientific research. This national station under the administration of 
Goode. Bumpus, and others has been a resourceful and willing ally 
of the biological laboratory. 

Jhe natural advantages of Woods Hole deserve e.spccial emphasis. 
The water.s'of Buzzards Bay and Vineyard Sound are of e.xceptional 
purity. Ill the immediate vicinity of Woods Hole ai'e numei'ous har- 
bors and lagoons, with muddy, .sandy, or rocky liottoms, while the 
coast is so broken by bays, promontories, straits, and islands as to 
afford the most varied environments for marine life. In addition the 
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Fig. 1.— Marine Biological Laboratory. Woods Hole. Mass January 28, 1896. 



Fig 2. — Laboratory, U S. Fish Commission. 
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tide eurrents which .sweep in through the “'hole'' bring in multitudes 
of floating animals and plants, many of which are tropical forms, car- 
ried in from the Gulf Stream, which is distant only about 100 miles. 
The proximitj’ of the Gulf Stream to this portion of the New England 
coast gives a laboratory located at this point many of the advantages 
of a tropical station without any of the accompan3dng disadvantages. 
There are also man\' fresh-water ponds and lakes in the vicinity which 
contain a rich fauna and flora. 

In these ideal collecting grounds the trained investigator naturalty 
tinds abundant and widety varA’ing material, and the beginner in zool- 
ogA', during the frequent excursions which form so prominent a 
feature of the instruction, sees .something under natural conditions 
of the teeming life of the .shore and of shallow water, of the delicate 
fauna found on spiles and floating timbers, and of the products of 
the di'edge and drag net. It is under such circum.stances that one enthu- 
siastically' realizes the mcahings of various structures made out in the 
dissecting pan in the lalmratorv. and the nicety of the adaptations of 
each animal to tht; conditions under which it lives. Much of the col- 
lecting is carried on in the steam launch Sa(jitta, .suggestively named 
after a SAvift-swimming marine Avorm of arrow-like shape. 

The naturalist and the student are also fortunate in the material 
and educational equipments of the laboratoiy. It is true that in con- 
tra.st with the beautiful Renaissance building at Naples our gi’a}'- 
shingled laboratoiy buildings seem someAvhat barn-like cxternallA'. 
HoAvever, this is not incompatible Avith the true scientiflc spirit of 
“plain living and high thinking.” Certainh' the veiy best equipment 
and facilities that ingenuity, stimulated ly necessity, can provide is 
most generoush' tlevoted to the advancement of science. Fifty private 
rooms, for example, are reserved each A car for independent investiga- 
tors, and these are free of expen.se. 

Under the heading “equijmient" one should brieflv touch upon the 
department of supplv, the museum, and the libraiy, and e.specialty 
upon some of the various courses of instruction. 

The department of supplv was e.^tablished in order to make accessi- 
ble to teachers and others at a distance, Avho desire to obtain material 
for study or class Avork, the products of the teeming collecting grounds 
at ^^'oods Hole. All the tvpes generallA’ used in both zoological and 
botanical instruction, such as algte, sponges, hydroids, starfishes, sea 
urchins, marine worms, crustaceans, mollusks, smaller marine verte- 
brates, etc., as Avell as mounted sets of seaAveeds, are kept in stock. 
A special laboratory for this department, supplied Avith salt and fresh 
water for aquaria, has been prepared, and a curator appointed to keep 
the department open throughout the vear. The department is also 
securing materials for the museum, illu.strating the fauna and flora of 
the surrounding Avaters and countiy. There is a rapidly groAving col- 
lection of di.ssections largely pre[>ared bA' the classes in zoology. 
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unotlifi- collection of micro.sco])ic!il preparation, s, and tinally an herba- 
rium. All who havi' tauobt or .studied l)iology do not need to be told 
the immense educational vahu' of these colleetion.s. The library — in 
any institution, the fount to which all constantly repair — i.s provided 
with many works of refermiee and the inore important journals on 
zooloey and botany; but the expansion of scicnu'C is so rapid that a 
library of this kind is always uro;cntly in need of frecpiently called-for 
titles. 

All these elaborate adju.stments for studying the morphology and 
evolution of marine oi'ganisms furnish the data for another .set of 
studies. abov(' alluded to under the term •‘'biology.” 

In his famous address ••On the phy.sieal basis of life." lluxlev said: 

Thus a imrleateil iiias.s el jiroteplasm turns out to lie wliat may be termed the 
structural unit of the human bo<ly. * * Beast ami fowl, reptile and fish, niol- 
lusk, worm, and pnlype are all composed of .structural units of the same character, 
nanuly, lua.ssc.s of jirotoiilasm with a nucleus. » * * Hence it appears to be a 
mutter of no urcat nioinent what iininial or plant I lay umler contribution for jiroto- 
plusm, and tlie fact speaks volumes for the general identity of that substance in all 
living beings. 

Th(‘ unitv of protophisni i-; the ultimate raison d'etre for the Woods 
Hole lahonitorv. In the protophiMu of a polype may ho wrapped up 
a s(*(*r(‘t of vast inn)ortanv<‘ to the w(dfare of the human race. 

This is tlie thought underlying the courses in comparative physiol- 
ogy and ('inhryology, shown in the following (juotations: 

^ It i< our |iro]>lein to ^'t*t an inn.terstainling of the various life phenomena. 

It ha}'i)en> tliat while' the s<»hui<»u <.)f one ]>liysiologieal problem isalmost impossible 
among certain vertebrate-- or certain arthroj>o<ls, tlu‘ conditions in one definite arth- 
iMpod or in an a^ciilian, or mumc otlier anmial may }>e such to make the solution 
ahno'-t self-t'A'ideiit. Tu the various forms of ttu* animal kingdom nature has prepared 
just as many exiterimentsas \s e might wi^rh toaccomitlidi by our vivisectional method, 
l)ut ithout tlie disadvantage." of that inetliod. A\ e can, for example, study the 
aiitomaticity of contractile ti'->ne tar more readily in the pulsatile hell of the medusa 
than in tlie Acrtcbrate licart. In the medusa, f>v one snip (d the scissors, we have a 
contractile tis"Ue dciirivt-d tU' jiervc'^ without eIal)orate vivi."ection. The influence 
on protophi'-^m of lack <it oxygen may also be rea<lily studied from a comparative 
standpoint, broiii the chemical tran'-formation-^ going on in large tnasses of similar 
celb the iuft'reiice ntay l^e drawn that cells <le])rived of oxvgen undergo liydrolvtic 
splittiiiLTS by whicli in"oluble bodies may become soluble. Rut l)v placing various 
infiisiiria or dcvclo])ing eugs un<l<*r tlu‘ microscope tliis fact mav with ea.'-e be rcii- 
dcre(l \isililc. Flic niembi'anes ami more soli(l portions of the infusorian mav be' 
seen to di^'-o]\(‘ and di"a])[H*ar, leading to u c^anplete disorganization of the cell. 

* It may trnthlully be said that the pro!)leui of heredity is one of the most 
important probleiiw of ]ihy<io]o”y at the present time. The reasons why a given 
mas^ of cells develojis into a given organ of a certain sha])e, size, and position can 
evidently only he a"ccrtuined by experimental j»hvsioli>gy. The study of the phe- 
nomena ot development ami organization must lienee f<»rm a }>art of any ciuirse in 
comjtarative physiolnL'v. 

" Ninth report oi the Marine Biological Lalioratory, ISUb, R)!). 
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Aocordingly, wo learn, about two weekt^of the course are devoted to 
this .study. The experiment.s deal with the intlueuee of Mirious factors 
in the environment (lig'ht. heat, gravity, chemicals, etc.) and in the 
organism which determine the devcdopment of given organs and the 
attainment of the proper animal form; with regeneration of animals; 
with the influence on protopla.sm of various external factors, such as 
lack of oxygen, temperature, ion eflects, and .so on. This is followed 
bv an experimental course illustrating tropisms." geotropism. helio- 
tropism, stereotropism, chemotro[)ism, galvanotropism. Among the 
forms studied will be copepods. worms, limulus larva', ar('nic(>la lar\':e, 
fundulus and arbacia eggs, tin' shrimp, ('tc. 

A fourth week of the course is given to •"the study of tin' ('ompar- 
ative physiology of the central nervous system. Phenomena of 
automaticity, coordination, and of reflexes, the transmission of nerve 
impulses independent of nerves, and reactions to injury, will be illus- 
trated in many forms of life, rnusual Facilities ar<' ofl'erc'fl for work 
of this character owing to the immens(' number and wiriety of the 
animals available. * * * In the com])arative physiology of the 

blood, the corpuscles, protoids. and respiratory pigments of tht' blood 
of different animals are studied, togetln'i- with the comparative jfliysi- 
ology of blood clotting. The chief forms used are tlu' stai-tish, sea- 
urchin, Scycotypus. loljster. Limuhis. and the dogfish. In tlu' com- 
parative i)hysiology of secretion the various meclianisnis of secretion 
will be illustrated as far as possible by tin' glands of invertebrates.” 

As an example of the pi'obleins of nifiiin mentioned above we 

may cite the following: "If a worm normally produces a lu'ad. a 
series of segments, and a tail, what will happt'ii if you cut tin' worm 
in pieces and then graft tin' head on the tail ('iidt Or a hermit crab, 
fitted into its conch shell, and well known to rapidly regenerate its 
large exposed claws, nhat will happen if you cut oft' one of the 
apparently useless hidden claws whi<'h huA (' been lying for thousands 
of generations within the conch d'he ])urposi\a' (piality in li\ ing 
things, the apparent determination to overcome all obstacles and attain 
an end is best illustrated in the remarkable experiments of the above 
kind, in which Prof. T. H. Morgan has become a leader in this coun- 
try. These have culminated in his recently published work. Regen- 
eration. a hopc'ful and optimistic counterpai’t of Xordau's pessimistii' 
volume upon human society. The moral of these' I'xperiments is 
briefly expres.sed in Hamlet's aphorism "There's a divinity that 
shapes our ends, rough hew them how wi' will.” a moral so strong 
that quite a school of young’ natural philosopla'i's in (le'rmanv are 
reviving tin' ohh'r teleological and vitalistic thi'oi'v of li\ ing things as 
op[)osed to tin' chemical and tnechanical theory. 

« A tropisin i.s tlie tendency shnevn ))y an Di-uaui.sni t<i react in a deliiiitc way to 
(ertain external stimnli, as nl snn-litrlit i lieliiiti()in.--nn. ciasitatinn ( eeotrojiisni I. 
electricity (jralvuniitmiiisin I, eti-. 
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Another line of reseiireh in the solution of which America, thanks 
chief!}’ to E. B. Wilson, ( lonklin, and Mead, is an acknowledged leader, 
is suggested by the following- question: If a developing egg (for exam- 
ple, the minute and delicate little surface-floating egg of some sea- 
urchin) normally divides into two, four, eight, and ad infinitum cells 
to form the adult, what will happen if you shake these cells apart after 
the first, second, etc., cleavage? 

The initial step is to study the undisturbed process of cell division 
through 'A-ell lineage."’ The ti-ansformation of the simple fertilized 
egg cell is always accomplished by .splitting into many cells, which 
ultimately constitute the various ti.ssues. It is obviously a matter of 
great interest and importance to trace the lineage of the tissues l)ack- 
ward toward the undivided egg. This has been done to such an extent 
that we can designate the particular cells that give rise to the outer 
covering of tin- body, to the nerves, alimentary canal, and to the repro- 
ductive and germ cells. Vt-ry early in the history of the embryo the 
future functional and structural regions are marked ofl', and there is a 
beginning of what Spencer termed the physiological division of labor. 
Some biologists are imlined to carry this back still further into the 
components of the egg it.self. 

One would suppose that any rud«' disturl»ance of this l)eautiful pro- 
cess woidd aliruptly terminate life. Quite the contrary; the general 
answer to all such (juestions as the above being that the unexpected 
will happen. Out of the patient ob.scrvation of the unexpected, how- 
ever, is coming the rationale of the life proce.sses. 

The remarkable general residt has been obtained that upon shaking 
apart the segments after th(‘ (‘gg has divide<l into four or eight parts, 
these isolated cells do not die. but again subdivide and form a lot of 
twin or quadruplet individuals, as the case may be. In the early 
experiments of this kind by Wilson and others each separate cell pro- 
duced a minute but entire individual. But when Crampton happened 
to repeat the experiment on certain snails' eggs, the main result was 
that only oin'-half or one-fourth of an embryo snail was produced. 
In sea-urchins, in which shaking also produced fractional animals, the 
missing fractions were supplied by regeneration — another very strik- 
ing example of Hamlet's aphorism. 

In IhOO. Prof. Jacijues Loeb announced the remarkable discovery 
that in starfishes and other forms, by suitable treatnnmt with solu- 


tions, not only of various salts, but also of such substances as sugar 
and urea unfertilized eggs may give rise to swimming larvie. Tliis dis- 


covery, like most others of similar character, was the natural secpience 
of expt'riments which had started lines of thought in this direction. 
Kichard Ilertwig in l.Sl>6, in Germany, had shown that strv( hnine 
starts th(' eggs of sea-urchins on the course of development. And 
Morgan, between IsOtj and I'.MM), at Woods Hoh-. had shown that the 
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unfertilized egg's of Arhucut, <1 .sea-urchin, when treated with solutions 
of sodium and magnesium chlorides, would segment and advance into 
much later stages than those observed 63' Hertwig. though no swim- 
ming embrvos were produced. Thus to Morgan and Loeb, of Woods 
Hole, belong a large share of the credit of what has been called one of 
the most epoch-making discoveries of modern times, that of artificial 
fertilization. 

Parthenogenesis, or the development of a female egg without the 
access of a male element or spermatozoon, had long been known 
among vaidous lower t3’pes of animals; instances arc to be found in 
the bees, social wasps, />«//</>//./- Daphnia, plant lice, and others. 
Here was a case of artificial parthenogenesis, and Loeb was led to 
compare these natural and artificial phenomena, reaching the conclu- 
sion that fertilization carries into the egg a catah'tic substance which 
accelerates a process which would otherwise proceed too slowlv. Thus 
fertilization, from having a pureh' vital aspect, assumes a chemico- 
physical aspect, and the hitherto mysterious phenomena of pai'thcno- 
genesis finds a partial explanation. 

In his discu.ssion of this deyelopment without the male element. 
Loeb sa\’s it has an important bearing upon the theorv' of life 
phenomena: 

If wc succeeil ia lindiiia a sulistance which accelerate.** the process of cell itivision 
at the normal temperature, this will at the same time lead to a suppression or reduc- 
tion of the antagonistic process that shortens life. It is not impossible that “natural 
death” is comparable to the situation on the mature egg after it leaves the ovary. 
Nature has shown us the way by which at this critical point death can be avoided 
in the case of the egg 

It i.s safe to prophe.'sy that the bearing of the.sc and similar discoy- 
eries on medicine and pathology will be no le.'-s important than the 
experiments of Pasteur on bacteria. 

The ellects of different solutions upon the deyelopment of the egg is 
illustrated by an experiment conducted by nature her.self : Brunt hipjjHif 
KiMjniilix is a fre.sh-water crustacean, which, if raised in concentrated 
salt solutions (salt lakes), becomes smaller, undergoes some other 
change.s, and transforms into a species Ayhich has been known as 
Artenitd xd/ina. — a classic ca.se of transformation under the action of 
external conditions, first obseryed by Schmankewitsch. This obseryer 
kept Ai'ti-iiiiii in salt water, which he constantly diluted by adding 
fresh water until at last it w'as perfectl}' fresh; the crustaceans had 
meanwhile gone through seyeral generations, and had gradually' so 
completely changed their characters that finally they acquired those of 
the genus Brnuehlppm. 

The artificial process has been erroneously .spoken of in the press as 
“chemical” fertilization. The .single fact that Dr. Albert Mathews has 
been able to initiate deyelopment by the shaking of the egg indicates 
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tluit artiric'iill t'ortilization is as imich physical as chemical. Mead, 
Conklin, and man}' others, following: the Belgian, French, and German 
schools, had long been studying the internal changes in natural ferti- 
lization, and as a sequel to these discoveries are the recent researches 
and experiments of Prof. Edmund B. Mdlson on the changes which go 
on in the egg after artiticial fertilization. These wei’e presented before 
the Jntei'iiational Zoological Congre.ss at Berlin and attracted much 
attention. They show that the unfertilized egg. by the addition of 
magnesium salts, is able to create a complete mechanism of cell division. 
But under this unaccustomed stimulus, in the words of 'Wilson, “they 
manifest a midtitude of aberrations which constitute a veritable 
carnival of development, which one can hardly witness without a sense' 
of amazement." These aberrations are of high interest on account of 
the side light they throw on maiiy debated problems of normal cell 
function and structure. 

The value of all thes(' observations hinges, of course, upon the 
essential unity of protoplasm throughout the animal kingdom; as in 
Huxley's prophecy, whatever applies to the protoplasm of sea-urchins 
we may be sure applies in some degree to the protoplasm which con- 
stitutes the basis of human life. 

The life and the social congress at Woods Hole are almost as varied 
as the problems investigated there. School teachers from all over the 
Union, students from the smaller inland colleges and the largest uni- 
versities. young aspirants for the doctor’s degree, older men of inter- 
national reputation in botany, zoology, physiology, psychology, all 
come under the magnetism of the ‘'M. B. L.,” as it is familiarly 
known. Work is not too strenuous, it is tempered by the undercur- 
rent of the feeling that, after all. this is summer vacation time and 
one must not be too sez'ious. In fact, at Woods Hole, as with our 
English and continental .scientihe brethen. life is well balanced and 
altogether reasonable while no le.ss productive. 

Among the tilings evidently of supreme value in the modern univer- 
sity are: the traditions and history of the institution; its appropriate 
location and housing: the availability of the sources and instruments 
of knowledge; the presence of a cosmopolitan assemblage of the stu- 
dents and teachers of numerous sciences — ail of which, we have seen, 
constitutes the charm of our “marine universit}'.'’ 
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John AVesley Powell was born March 24. 1834. at Mount Morris, 
N. Y. He died September 23, 1902, at hi.s .summer home in Haven, 
Me. He was married in 1862 to Emma Dean, of Detroit. His wife 
and daughter, an only child, survive him. 

His parents were Enolish. havino’ readied this countiy only a few 
years before his birth. His father was a Methodist preacher and soon 
removed from New York, living successively in Oliio, A\'"iscon.sin. and 
Illinois. His father’s occupation took him much from home, and 
upon the son. while yet a boy. devolved the duty of conducting the 
farm from whicli the family derived its principal suiiport. Powell’s 
early schooling was that ordinarily obtainable in a rural community. 
His later education was largely independent of schools, but he attended 
Illinois College, at Jacksonville, 111., for a short time, and was at 
Oberlin College two years pursuing a special course. In early man- 
hood he supported himscdf by t('aching. being at the sann' time a hard 
student and pursuing natural history studies with enthusiasm. He 
ti’aversed portions of V-’iscousin, Illinois. Iowa, and Missouri on foot, 
collecting plants, shells, minerals, and fossils, and these collections 
brought him into relation with various colleges of Illinois. At the 
outbreak of the civil war he cidisted in the 'rwentieth Kcgiment of 
Illinois A^olunteers. and abruptly changed the course of his studios to 
military science. His successive commissions" ranged from second 
lieutenant to colonel, but the rank of major gave the title by which he 
was known colloquially in later years. His service was chiefly with 
artillerv, but some of his most important work was of a character 
commonly assigned to engineer otlicers. In the battle of Shiloh he 
lost his right arm. and the resulting physical disability afl'ected his life 
in important wavs. On the one hand, the wounded arm caused him 
at \arious periods much pain, and thus weakened an exceptionally 
strong constitution. On tin- other, he was led in early manhood to 
employ an amanuensis, and the resulting freedom from the mechan- 
ical factor in writing was a distinct advantage to his literary work. 

l>y the author from article puhli.-hed in Science, October 10, 1002. 

hod 
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At the close of the war he prompth' returned to civil life, dropping 
the stud}- of niilitai'v science as abruptly as he had begun it. An 
attractive opportunit}’ to enter political life was declined in favor of 
scientific work. Ho became professor of geology at Bloomington. 
111., and lecturer on geology at Normal, 111. In 1867 he organized and 
led the first important geological excursion of American students, 
taking a jiartv of 16 to the mountain region of Colorado. This was 
before the building of tran.scontinental railways, and the journey 
across the plains was long. He remained among the mountains as an 
explorer after the party had returned East, and in the following years 
organized a .second expedition with geologic and geographic explora- 
tion and reseai'ch as its chief objects. The necessary funds were fur- 
nished ly various educational institutions in Illinois, and Congres- 
sional authority was obtained for supplying the party with provisions 
from the military po.sts of the West. His expedition wintered west 
of the Bocky Mountains in the valley' of White River, and the tong 
period thus spent in a permammt camp was occupied in the scientific 
study of Indians. In the following spring four boats were brought 
from Chicago to the point whei’e the newly constructed Union Pacific 
Railway crossed Green River, and a party was organized for the 
exploration of the canyons of the Green and Colorado rivers. M hen 
this work was begun it was known that the rivers here descend in a 
distance of TUO to 1,U0() mites through the vertical space of o.OOo feet, 
coursing most of the way betw'een unscalable walls, l)ut the nature of 
the rapids, cascades, and cataracts by which the water falls from the 
upper to the lower level was altog’ether unknown. The undertaking 
was therefore of phenomenal boldne.ss and its successful accomplish- 
ment a dramatic triumph. It produced a strong impres.sion on the 
public mind and gave Powell a national reputation which was after- 
wards of great service, although based on an adventui’ous episode by 
no means esscmtial to his career as an investigator. 

The voA'age through the canyons was a reconnois.sance in an unex- 
plored area and led to the organizatic^n of a geographic and geologic 
survey, for which appropriation was asked and obtained from Con- 
gresn. the work being initiallv placed under the supervision of the 
Smithsonian Institution. By the advice of Professor Henry, the gath- 
ering' of ethnologic data was made a leading function of the organiza- 
tion. In lS6!t ii boat party began a second voyage through the 
canyons, the plan being to spend two years in their mapping, and land 
parties were at the same time organized to cooperate with them. The 
river Mas abandoned as a ba.se of operations in the middle of tlie sec- 
ond season, but the land work continued. M'ith progre.ssive develop- 
ment of plan, for a period of ten yea»'s. About the middle of this 
period the study of the problem of the utilization of the arid region 
through irrigation and otherwi.se became a function of the organiza- 



JOHN WESLET POWELL. 


635 


tioii, and a special iio estig'ation was made of the water supply of the 
Territory of Utah. 

Of parallel growth were the surveys developed under the initiative 
of Dr. Hayden, Clarence King, and Lieutenant Wheeler. Their func- 
tions were similar, and with the exception of the work by King, which 
had a detinitc limit, their ambitions included the exploration and 
survey of all the western domain of the United States. The}’ thus 
became rivals, and there was need of reorgsinization. After unsuc- 
cessful efforts to arrange for the partition of the field and friendly 
cooperation between the different corps, Powell advocated their merg- 
ing into a single bureau of the Interior Dcpartnnmt, and it was largely 
through his initiative that the work was filially reorganized in 1879. 
The Powell, Hayden, and Wheeler surveys were abolished and the 
present United States Geological Survey created, Mr. King becoming 
by presidential appointment its first director. At the same time the 
Bureau of Ethnolog}' was created to carry forwai’d the ethnologic 
work, and of this Powell became director. The Geological Survev 
was made a bureau of the Interior Department, and the Bureau of 
Ethnology was attached to the Smithsonian Institution. 

The study of water supply in relation to irrigation led to the con- 
clusion that the land laws of the United States were ill adapted to the 
conditions obtaining in all the drier portions of the country, and 
Powell became much interested in the legislative problems thus arising. 
Partly at his instance a commission was appointed to codify the land 
laws and recommend such modifications as seemed to be recpiired. 
Powell gave much of his time for two years to the woi'k of this com- 
mission, and a comprehensiv(! report was prepared, which, however, 
led to no legislation. 

In 1881 Mr. King resigned the directorship of the Geological Sur- 
vey, and Powell was immediately named as his successor. He retained 
the direction of the Bureau of Ethnology and conducted both ))ureaus 
until 1891, when he resigned from the Geological Survey. During 
his administration the work of the Survev was greatly enlarged, espe- 
cially in its geographic branch, and the investigation of water supply 
with special reference to utilization for irrigation was added to its 
functions. 

In the last years of his life Powell practically i-elimpiished adminis- 
trative responsibility, intrusting the management of the Bureau of 
Ethnology to his principal assistant, !Mr. McGee, and devoting his 
time to personal studies, whii-h passed gradually from anthropology 
into the fields of psychology and general philosophy. 

In summarizino' the results of his active life it is not easy to separate 
the product of his pei-sonal work from that which he accomplished 
through the organization of the work of others. He was ('xtremely 
fertile in ideas, so fertile that it was (juit»* impossible that he should 
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personally dt'velop them all. and realizing’ this he gave freely to his 
eollaborators. The work which he inspired and to which he con- 
tributed the most important creative elements. 1 believe to be at least 
as important as that for which his name stands directh' responsible. 
As he always drew about him the best ability he could command, his 
assistants were not mere elaborators, but made also important original 
contributions, and the ideas which he gave the world through others 
are thus so merged and mingled with theirs that they can never be 
separated. If w(' count the inspiration of his colleagues as part of his 
work of organization, tlam the organization of researches may prop- 
erly he ])lac('d lirst in the list f)f his contributions to the prog’ress of 
science. Other terms of the list pertain to the fields of geology, 
physical and economic geography, anthropologv. and philosophy. 

The creation of the United States Geological Survey belonged to the 
logic of events and would u ndoubtedly have taken place within a few years 
without Powell's assistama', but his active advocacy hastened the change 
and his ideas had greater intiuenc*' than tnose of any other individual 
in determining 'the mode of reconstruction of the national scientific 
work. He was so pi’ominent as a promoter of reorganization that when 
it had been accomplished he felt that his motiv(‘S might be impugned 
if he became a candidati* for th(‘ directorship of the Survey, and he 
theri>for<‘ d<‘clinod to have his name presenti'd. It is proper to add 
that the scheme of n'organization which he advocated was not adopted 
in full. His plan included the organization of three' bureaus to con- 
duct investigation in the fields of geolog}’, geography, and ethnology, 
but CV)ngre>s created only two Imreaus. lea\ ing gcograph}^ without 
■special provision. The work of geographic mapping Avas taken up by 
the Geological .Surve'v as a means for providing base maps for the use 
of g’eolog'ists. and thus the Sui’A c'y has become' a bure“iu of geog'rapliA’ 
as Avell as geology. 

lAve) yeai's later, \\ he'ii Powell sue-e'e'ede'd King in the aelministration 
of the' Geologie'id Survey, he feuind the sidedi vision eA' the Avork 
arrange'd largely on geographic lines. There Avere leraiu’h offices at 
DeiiA er. Salt Lake City, aiul Ssin Franci.sco, each in effiarge of a chief 
who elire'cte'd the geologic and topographic Avork of a large district. 
Peer this e’lassitication Pe^Avell gradually substituteel eene' based upon 
fune tieen. abeelishing the districts and .separate ejffie'cs and eu'eating divi- 
sions e)f teipograijhy, general ge'ohigy. anel e'conomic geologv, ceeordi- 
nate; Avith divisions of paleontology, phA'sics, anel chemistiy. A I’eal or 
geeegraphic classiticatieen Avas still use'd. but AA'as subordinated te) a 
subje'e-t e lassitication. 

( areful atte'iition Avas give'n to the' tinane’iid sj’stem of the Bureau, 
the' machinery by Avhie-h the' jmblic funds Avere paiel eeut and ae'e’eeunte'd 
toi.and the Avisdomof this atte'iition Avas aftei’AViirds fully justitieel. 
he'll in later years the affairs of the Sui'A’C}' Ave'i'e' subjected to 
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uiifi'icndlv and .soarching inve.stigatioii th(> aia-ounts were found in 
such perfect condition as to elicit tiie highest praise of the Comptroller 
of the Treasury, to whom the results of the investigation were finally 
referred. The reputation of the Survey for good business methods 
inspired the confidence of legislators and led them to provide for the 
growth of the Bureau, not only by the increase of appropriations for 
existing functions, but through the gradual enlargement of function. 
The most important single addition to its duties was that of stiuhfing 
the water supph' of the country M'ith reference to various economic 
problems. 

Excei:)t for the original suggestion or instruction by Proft'ssor Henry, 
and except for the votes of funds by Congress, the Bureau of Ethnology 
may be regarded as Powejl's creation. ^Vork on American ethnology 
had previously been discursive, unorganized, and to a large extent 
diletanti. He gave to it definite purposes conformable to high scientific 
standai'ds, and personally trained its cor})s of investigators. To men 
who had previously interested them.s(dvcs in the study of Indians ho 
gave new methods and a new point of view, and he succeeded in divert- 
ing to ethnology ineti already trained in scientific methods by work in 
other fields of research. He realized, as perhaps few had realized 
before him, that the point of view of the .savage is essentially different 
from that of the civilized man, that ju.st as his mnsic can not be recorded 
in the notation of civilized music, just as his words can not be written 
with the English alphabet, .so the structure of his language transcends 
the foriuuhe of Aryan grammars, and his philosophy and social organ- 
ization follow lines unknown to the European. He also realized most 
fully that the .savage is tin' endn-yo of the man of highest culture, and 
that the study of savagery is therefore a fundamental contrilaition to 
the broadest study of humanity. With these ideas he informed his 
ethnologic corps, and in consequence of them the organization of the 
Bureau marks the most impoi’tant epoch in American ethnology. 

The same personal influence e.vtended to tlu' work of the Anthropo- 
logical Societv of \\'ashington. Over the proceedings of this society 
Powell presided for many years, taking part in all its discussions and 
making it his special function to point out the bearing and relation of 
each communication to the greater problems and broader aspects of 
the science. As tin' buri'au was and is a laboratory of ethnology, 
devoted to the study and record of the character and culture of the 
fading tribes of North .\merica. so the .soch'ty. includitig the same 
group of students, was and is an ai’cna for the discussion of the 
broader science of anthropology. 1 but echo the general sentiment of 
those students in saying- that the high inb'Ilectual and scientific plane 
on which the work of this society is conducted is a result, direct and 
cumulative, of Powell's influence and example. 
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Before turning to Bowel I’.-^ direet eontri))ution.s to seicnee, mention 
fshould 1)0 made of his studie.s in hiologj^ In earB" manhood he was 
an assiduous collector of plants, fre.sh-water shells, and reptiles, and 
this work was accompanied 63- studies in distribution, but the results 
of such studies do not constitute a contribution to botany* and zoology- 
The work was properly a part of his education, a training in the art 
of observation, which bore fruit onh' Avhen his attention was turned to 
other branches. 

His contributions to geologv include a certain amount of descriptive 
work. Pie published the stratigraph}', structure, and part of the areal 
geologv of the C'olorado plateaus and the B^inta Mountains. In con- 
nection with the tield studies in these districts he developed a new 
classitication of mountains, bv structure and genesis; a structural clas- 
sification of dislocations; a classification of vallej’s; and a genetic 
classification of drainage svstems. His classification of drainage 
recognized three modes of genesis, of which two were new. ^Vith 
the novel ideas invoU'cd in the terms ‘••superimposed drainage"’ and 
“antecedent drainage" were associated the broader idea that the phy- 
sical history of a region might be read in part from a study of its 
drainage .S3'stcm in relation to its rock structure. Another broad idea, 
that since the degradation of the land is limited downward bvthe level 
of the standing water which receives its drainage, the tvpes of land 
sculpture throughout a drainage area are conditioned bv this limit, 
was formulated bv means of the word “ base level." These two ideas, 
gradually developed bv a vounger generation of students, are the fun- 
damental principles of a new subscienco of geologv sometimes called 
geomorphologv. or phvsiographic geologv. 

The scientific studv of the arid lands of our Western domain in rela- 
tion to human industries praeticallv began with Powell. Earl\- in his 
governmental work he issued a volume on the lands of the arid region, 
and he continued their discussion in one wav or another for twenty 
vears, setting forth the i)hysical conditions associated with aridiW, 
the paroxysmal character of rainfall, the dependence of arable low- 
lands on the rainfall and snowfall of uplands, and the generous 
response of the vegetation of arid regions to the artificial application 
of water. Emphasizing the neecssitv of irrigation to successful agri- 
culture, lu' })oint('d out the need of <'onserving storm waters b^^ artifi- 
cial r('scrvoirs, the need of apjdving new principles in legislation for 
the regulation of water rights, and the need of a new svstem of laws 
for the control of title in ai’id lands. These ideas when first advanced 
were the subject of hostile criticism because thev antagonized current 
02:)inions as to the availabilit}' of our MTstern domain for settlement; 
but he afterwards found himself part of a general movement for the 
intelligent development of the M'est, a movement whose latest achieve- 
ment is the so-called reclamation law. 
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He pointed out also that our land law.s did not permit the lean pas- 
ture lands of the West to be acquired b}" private owners in tracts large 
enough for economic management, and that overstocking and periodic 
disasters were the logical results of public ownership; and his ideas 
as to remedial legislation were embodied in the unheeded report to 
the Public Lands Commission. 

In descriptive ethnology Powell's publi.shed contributions are meager 
in comparison with his body of observations and notes. They are 
comprised in a magazine article on the Moki, an essa}' on the "S^'yan- 
dot, and a few mvths, chiefly Shoshonian. introduced in various 
writings for illustrative purposes. In his ‘'Introduction to the Studj^ 
of Indian Languages” he gives instructions for American ethnologic 
observation, covering not onlv the subject of language, but arts, insti- 
tutions, and mj'thology. Other writings belong more proper!}' to 
anthropology, and deal with its broader principles. In a series of 
essays, designed as cha})ters of a manual of anthropology but actually 
published as occasional addresses and never assembled, he points out 
the lines of evolution in the various flelds of human thought and 
activity, philosophic, linguistic, esthetic, social, and industrial. The 
ground covered by these essays is so broad that a brief summary is 
impossible. They include the ideas which have directed the work of 
the Hureau of Ethnology, and they include also umcli which has found 
no immediate application, belonging to flelds of thought as yet un- 
touched by others. As to their ultimate value future generations 
must decide, but they stand nearly or quite unique as a com])rehensive 
body of philosophic thought founded on the comparison of aboriginal 
with advanced culture. 

In latter years attention was gradually turned from anthropology 
to psychology and the fundamental concepts of natural philosophy. 
His interest in these subjects began in early manhood, and they are 
briefly touched in various writings; but he gtive tht‘ last eight years 
of his life almost wholly to their study. 'I'wa) books were written and 
a third planned. "Truth and Error," which appeared in IS!)!), treats 
of matter, motion, and consciousness as related to the external universe 
or the field of fact. " Good and Evil," printed as a series of essays 
in The Anthropologist with the intention of eventual assemblage in 
book form, treats of the same factors as related to humanity or to 
welfare. The field of the emotions was assigned to the third 
volume. His philosophy was also embodied in a series of iioeins, of 
which only one has received publication. 

In much of his scientific writing Powell's style is terse to a faidt. 
Usually he is satisfied with the simple.st statement of his conclusions. 
Sometimes he adds illustrations. Only rarely does he explain thmu 
by setting forth their premises. It has thus happened that some of 
his earlier work, though eventually I'eeognized as of high importance. 
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was attirst either not appreciated or misunderstood. The \'alue of his 
anthropologic ])hilosophv, thougli now widely appreciated, was recoo- 
nized but slowly outside the sphere of his personal influence. His 
philosophic writings belong to a field in which thought has ever found 
language inadecpiate, and arc for the present, so far as may be judged 
from the revicov of ‘■Truth and Error," largely misunderstood. Ad- 
mitting mvself to be of those who fail to understand much of his 
philoso])hy, I do not therefore condemn it as worthless, for in other 
flelds of his thought events have proved that he was not visionary, but 
merely in advance of his time. 

To the nation he is known as an intrepid explorer, to a wide public 
as a conspicuous and cogent advcjcatc of reform in the laws afl'ecting 
the development of the arid West, to geologists as a pioneer in a new 
province of interpretation and the chief organizer of a great engine 
of research, to anthropologists as a leader in philosophic thought and 
the founder, in America, of the new regime. 













EUDOLPH VIRCHOW. lS-Jl-190iJ. 


By Oscar Israel." 


German}" of the latter half of the nineteenth century is so entirely 
different in almost every respect from Germany of the period which 
preceded it that it is difficult to realize the actual transition of the one 
into the other. The bustling political and economic movements of 
to-day, and the general uplifting of the whole condition of culture, 
were preceded by a period M^hen either an apathetic or a friendly 
idealic life might be called forth according to local conditions. And 
yet the two decades immediately preceding the year 1850 were by no 
means a dead time, for although but little apparent upon the surface 
still there was a deep and regular, untiring and fresh movement in 
those days, the activity of work. A work for culture was being com- 
pleted which had consciously for its puipose the awakening and prog- 
ress of the nation. It is no accident that the generation which then 
grew up lived to see greater changes in their fatherland than any that 
had preceded. Pure-minded German .science, untroubled by chauvin- 
istic jealousy, has never failed to recognize the mighty intellectual 
stimulus which she has ofttimes owed to foreign lands; but she over 
recalls with just pride the purely national development which has gone 
on unceasingly from the time of her own intellectual giants of the 
eighteenth century. This movement matured its best representatives 
in the' years of external pressure, for it was in these very periods of 
stress that intellectual activity found the time to ripen. Living on in 
the traditions of the undying classics, the German school formed the 
men to whom we owe the Germany of the present. One by one they 
pass away — these landmarks of the Germanic culture of the nineteenth 
century who brought it to before unknown excellence — and now, in 
his turn, is Rudolf Virchow departed from this life. 

Rudolf Ludwig Karl Virchow was born on October 13, 1821, in the 
town of Schievelbein, in further Pommerania. Much of interest 
regarding his childhood is di.sclosed in the account which he himself 

“Translated, by permission of author and publishers, from the “ Deutsche Rund- 
schau” of December, 
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sot down in the Easter vacation of 1S31>. This first literary produc- 
tion. deserves in more than one respect the publication awarded to it 
by the Prussian minister of education in the eightieth year of its 
author's age, for the reader can see depicted in the child's inner life 
inant’ of the germs of character which unmistakably developed in the 
work of later years. 

The youth of 1 7 expresses deep gratitude for the loving care of his 
father, the treasurer of the town, who was enabled to meet with help- 
fulness all the difficulties which ro.se up to oppose the eager humanistic 
ambitions of the son. Reading and writiiig were learned from the 
father; and at the town school and with the clergyman of the parish 
he continued his preparation for college. But the wav was not made 
easy for him. The methods of instruction of the rector must have 
been (|uite peculiar. "'He so overrated mi’ knowledge that he gave 
over the instruction of some beginners in Latin to me, so that I myself 
forgot what little I had learned.'' The young teacher was at that time 
but 11 years old. Private instruction with the preacher, Gantzkow, 
remedied these defects, however, so that the happi' student entered 
the third class of the gymnasium at Kbslin on May 1, 1835. 

In the publication of the minister of education there is a portrait of 
the boy at about 4 I’ears of age which shows a friendly child face with 
large, wide-opened eyes, the corners of the mouth a little drooping, 
and the expression one of interested attention. The presence of certain 
anatomical peculiarities which appear in later photographs, indicate 
that the portrait must have been well drawn. By the aid of this like- 
ness the reader can picture to him.self the student at the gymnasium 
who discloses in his diary his thoughtful .spirit, and in whom the 
extraordinary eagerness for knowledge, the sharp self-criticism, and 
the love of truth have left the. impre.ss of an early maturity. 

The undesirable influences of unworthi- fellow-students upon his 
impressionable and vivacious temperament during the second year 
were overcome as a senior. He was certaiidy an exception among 
young men of his age in that he realized what threatened him. He 
writes “I can at least assure 3 011 that in the pursuit of pleasure lhave 
alwavs sought to keep within proper bounds, and I believe I have 
generallv succeeded, at least so far that 1113' studies have not sufl'ered. 
nor even has inv health been impaired. The good spirit which rules 
among 1113' classmates of the senior 3’ear has aided me in this endeavor.’ 

His favorite studies were the natural sciences, histoiy, and geog- 
raph}', as w(>ll as the ancient classic writings of Cicero, Sallust, and 
among the Greeks. Sophocles. To the.se he devoted his .spare hours, 
but at the same time he did not neglect to improve himself bv reading 
h rench and German authors. The highlv gifted lad earlv showed a 
strong tendenev to iH'tlection, and soon acipiin'd a .solidlv grounded 
and copious ston* of knowledge, which enabled the 3'oung student to 
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bring to his studies a ripe understanding and a critical discrimination. 
Far better grounded in the older tongues, especially the Latin, than 
our modern students, Rudolph Virchow retained through life secure 
mastery of them, and in his later years he exhibited a keen sensitive- 
ness to the barbarisms of which the present scientihc generation is not 
guiltless. In the year 1883 he gave an earnest exhortation to his fel- 
low-workers and the readers of his periodical" in regard to this matter, 
and still later he again uttered a word in favor of a good terminology.* 

At Easter time, 1839, at the age of 17 years and 0 months, Rudolph 
Virchow passed first among eight students at the examination, and in 
the autumn entered as a student of medicine at the Koniglich medizi- 
nisch-chirurgische Friedrich Wilhelm’s Institut at Berlin. (This was 
the so-called Pcpiniere, now Kaiser Wilhelm’s Academie fiir das mili- 
tiirarztliche Bildungswesen.) He went through the regular course of 
the Eleven,” but found time for private i-esearch. It is an interest- 
ing illustration of his habit of mind that the future military surgeon 
heard the lectures of Friedrich Riickert’s colleague upon Arabic poetry. 

April 1, 1843, he was appointed ‘'Charite-Chirurgus,” which cor- 
responds with the present position of assistant plwsician. He entered 
immediately into practical work which brought up a host of sugges- 
tions calculated to develop the germinating ideas of his student days. 
He felt that he must still learn, and that a thorough scientific education 
was a necessity for him, and was, therefore, not content merely to 
follow on with his comrades, but chose for himself his own course. 

The one who exercised the mo.st influence upon the student was 
Johannes Muller, the many -sided master, preeminent in each of the 
several lines of work which he undertook. He early liecame Vir- 
chow’s ideal, and .so he remained. In the masterly memorial address 
which he delivered'’ after the untimely death of iMiiller. .Inly 24, 
1858, Virchow gave fitting utterance of the det'p feelings of gratitude 
which he ever cheri.shed toward the master. Appreciating objectively 
the extent of iVIiiller's talents and achievements, he raised for him an 
undying memorial. Eminent as an anatomist, zoologist, and physiolo- 
gist. Muller was not less eminent in pathology; but the pupil who was 
to carry forward his work to unimagined further development crowns 
him who had destroyed the false philosophy of Schel ling with “the 
laurel of the true natural philosopher of the real flesh and blood." He 
sketi'hed with firm hand Muller’s development from almost mystical 
tendencies to the true spirit of exact .scientific research, and attributed 
to “Nature and (loethe” a powerful influence on Muller’s intellectual 

"Barbarisms in medical language. Archiv f. patlnnogische Anatoniie ii. Pliysi- 
ologie u. f. klinig<'he iledizin, vol. 91, jip. 1-11. 

''Xew name? an<l new ideas in jiathology. Berliner klinische Woehenschrift, 
1900, Vo. 1. 

‘■Johannes Jluller. Eine (iedaehtnisreile. Berlin, 1H.5S. 



644 


KTJDOLPH VIBCHOW, 1821-1902. 


clevt'lopmeiit, perhaps recalling' hi.s own experiences, for Virchow's 
own thoughts had grown up in Goethe’s school. 

It fell to Virchow also to deliver a memorial address for the other 
master, who, next to Muller, had exerted the greatest influence upon 
him. This was for Johann Lukas Shonlein, and was delivered at the 
Berlin rniversity in 186.5." In both these addresses we find many 
things indicative of Virchow's own course of growth, but still more 
numerous are the interesting historical references. Particularly valu- 
able are notes on the development of medicine as a science in the first 
half of the nineteenth century. While yet a student VTrchow had 
aided in this, and before the end of his student days he engaged 
acti\'ely in research along these lines. On October 21, 1843, the 
degree of doctor was conferred upon him by Johannes Muller (then 
dean of the faculty of medicine) for his work on the inflammation of 
the cornea (De rheumate pra?sertim cornefe). Rudolph Virchow 
remained for a long time assistant at the charity hospital, but on 
March 2t». Is46, he passed the state examination, with the added com- 
mendatory words ‘G’ery good" and “as operative surgeon.” The 
time preceding this, however, had been a very important period of 
his life, for he had begun his career as a student of nature. More 
and more he occupied himself with the scientific treatment of the 
anatomic nraterial of the hospital, assisting the demonstrator of 
anatomy, Robert Fioricp. who, with just respect for his ability, 
shared many operations with him. At the solicitation of this dis- 
criminating friend, the general physician, Grimm, a{)pointed Virchow 
to the position of assistant at the dissecting laboratory of the hospital 
in the year 1844. His gratitude to Froriej) is suitably expressed in 
the preface of a \'olume of collected works* dedicated to his master 
and friend, and doing' honor to both master and pupil. Almost ten 
years after he himself had become in his turn demonstrator of anatomy 
at the hospital, this volume, in which his scattered and often difficultly 
accessible papers are brought togethiu', was dedicated by Virchow to 
the man who had guided his first steps in the line of scientific inquiry. 

On May 11, 1846, not two months after passing the state e.xamina- 
tion, Virchow became acting demonstrator of anatomy at the hospital 
in the place of Frori('p, who had retired, although the definitive 
a{)pointineiit was made conditional on his st'paration from the militari- 
connection. The impression had been current that Virchow's depar- 
ture from the Pepiniere was not voluntar}-, but in consequence of dif- 
ferences there': but, in reality, the case was exactlv the reverse. His 
departure was accompanied by the, cabinet order of April 6, 1847, 
which expressed in a mo.st gracious way the appreciation of his scien- 
tific labors and re'leased him from .some y»‘ars further military service 

'UTedachtnisrede auf .Johann J.nkas SnhonJein. Berlin, 186.5. 

^'Collected writings on tlie science of medicine. Frankfurt a. in., 18.56. 
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for which he was still liable." Not 26 3' ears of agt', Virchow had 

now the opportunit}’ of developing his powers in his own Ava}’. 

The position of demonstrator of anatoniA^ had grown up from a 
rather slender beginning. The somewhat infrequent opportunities of 
confirming and broadening diagnosis bi' post-mortem examination had 
been almost exclusive!}' confined, during the eighteenth centuiy and 
the first third of the nineteenth, to the phv'sicians to Avhom the care of 
the patient had been committed. Onl\' of late had the need become 
apparent of ph 3 'sicians speciall}- prepared for this purpose. The first 
demonstrator Avho had been attached to the hospital statf was P. Phobus, 
but he remained little more than a Acar in this capacitv and had 
resigned because he could not defend himself from the occasional 
encroachments of a militarv surgeon. He was succeeded b}' Kobert 
Froriep, Avho was appointed, on December 22, 1831, as "Demon- 
strator, illustrator, and curator of pathological preparations at the 
Ro 3 'al Charit}' Hospital.'’ There were set apart for his use onl}' a 
room and bed chamber, and it Avas not till ls31 that upon a detailed 
memorial of Froriep's to the ministr}', in Avhich he stated clearl}' and 
at considerable length the pressing need of it, that a good microscope 
was procured. A single attending nurse, Frau A'ogelgesang, AA’as, at 
the time VirchoAA' succeeded Froriep. the most important ptu’sonage in 
the administration of the little realm. In the occasional correspond- 
ence relating to the purcha.se of improA'cments or to other internal 
arrangements her signature was never lacking, but appeared together 
with those of the phA’sicians and ho.spital director. The considerable 
reputation AA’hich "Madam \'ogelgesang” enjoA-ed far licA’ond the 
boundaries of German}' AA'as Alue to her great skill in dissecting opera- 
tions.* At first a A'oluntai'A' assistaiit, MrchoAA' Avas saaou intrusted by 
the management of the charity hospital aa ith the chemical ami micro- 
scopic iiiA'estigations neces.sary for the sick AA'ards. These Aluties, noAA' 
diA’ided in all great hospitals betAA'ecn special laboratories Avith trained 
personnel, were A'ery extensiA e and laborious, 1)ut A\ ith characteristic 
energy and in.spired by an illustrious examj)le, VirchoAA' soon sIicaa'caI 
a complete command of the situation. He suaa’ in a combination of 
chemical Avith anatomical researches the pAAssibilit}’ of attaining an 
object of capital importance — namely, the creation of a pathologic 
physiology as the result of preai'ranged studies in unatA)niy and 
pathology, combined AA'ith experimental patliology and elii>mical ('xpe- 
rience. This experimentally founchal sA-ience he sought to substitute 
for the confuseAl speculation then ruling German ineAlical practice. 

The intense actiA'ity of th(' young saA ant in thi' dissecting room of 

"Twia A'A'ars later Heliiilidltz, avIio liait attaiiu'il the rank nf -taffsiirceon in the mil- 
itary serA'iee, reeei\ eil his diseharjre in the same form. 

^'Sa'B PA'rogow. Life Aiuestkm.s. Diarj' of an old physician. Kidm the Russian, 
by August Fischer, .Stuttgart, 1S94, j). -lOdf. 
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the charity hospital was rewarded in 1845 by the great success of his 
investigation on “white blood.”" Continued studies led him to the 
description of a hitherto unknown form of disease to which he later 
gave the name of Leucocythiemia. Meanwhile Virchow had already 
become lecturer on pathologic anatomy, and had given practical courses 
on the cadaver, in which he developed the technique of dissection, and 
which later formed the basis of the Prussian “Regulations for the 
practice of medical jurisprudence in examinations of the human cada- 
ver. ' Other countries framed regulations modeled after these, so that 
the practices here promulgated have become to considerable degree 
the standards for the whole world. 

\ irchow early liecame the center of a circle of congenial friends, of 
whom the more jrrominent were Ludwig Franke. the great clinical 
physician of that day, Rudolf Leubuscher. and especially Benno 
Reinhardt. The latter was of a reserved, quiet, studious nature, but 
still capable of lieing stirred to passionate outbreaks in the warmth of 
scientific enthusiasm, and stood w'ith Virchow in the eager search for 
truth and in revolt against the authoritative beliefs and the artificial 
sys'-^ms which then prevailed in the medical science.^ From this 
fi'i :^ily alliance grew up that powerful instrument in the warfare for 
the new' e.xperimental science of medicine, the “Archiv fiir pathologic 
Anatomie und Phvsiologic und fur klinische ^ledizin.” ‘Mlad it not 
been for Mullers Archiv,” writes Virchow later, “Ave should scarcel}" 
yet have known in German}' how a scientitic journal should be con- 
ducted."'’ But Muller’s journal occupied another field, being chief!}' 
concerned Avith normal anatomy and physiology, so that pathology 
found only occasional plact' in it. The “Archiv fiir jnhvsiologische 
Heilkunde," published in south Germany, as avcU as the ‘‘Zeitschrift 
fiir rationelle Medizin,” AA'ere so one-sided in their editing that the 
friends AA'ere refused a place in these columns and found themselves 
obliged to found a journal of their oavu. VirchoAv recalled Avith grat- 
itude how in these circumstances the publisher, George Reimer, came 
their aid; Avho, as he says, “had the courage to place his means at the 
disposal of two almost unknown young men." Their prospectus 
appearing with the first jiumber in April. 1847, is signed: Dr. Rudolf 
^ irchoAV, Prosektor beiin (’harite-lvrankenhause, Dr. Benno Rein- 
hardt. Practisclu'r .Vrzt. 

A short notice' by G. Reinii'r dated Berlin, April (i, 1847, fixes the 
price of th(' volume of three numbers at three German dollars. This 
journal has now reached 17u A'olumes. The first A'olume, of Avhose 

"1'iirii‘iis Xt'iie Nuti/cii. No. 780. November, 184.A. lieprinted in Vircinjw’s 
(ie-sainiuclti' Al)luindlnn};i‘u /ur wissenschaftlictien Alodizin. Frankfurt a. M., 1850, 
pp. 149-10:!. 

''Arcliiv, vol. 4, p. .A41. 

■ Archiv, vol. 100, p. 2. 
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fourteen articles Virchow contributed eight, appeared in the course of 
the year 1847, the second in 1849. Both editors had been carried 
away by the political storm of 1848, and thus the regular progress of 
their work was interrupted, but, notwithstanding this, Virchow and 
Leubusoher started in the interim the Medizinische Keform, a weekly 
periodical, whose first number appeared July lo, 1848, and whose last 
number, 52, was dated June 29, 1849. It was a lighting sheet, which 
had for its object general reform in the care of health. 

This work for reform was the main result of the journey to Upper 
Silesia, which Virchow had begun with the Geheimen Obermedizi- 
nalrat, Barez, on February 20, 1847, at the behest of the Prussian 
ministry, to study the epidemic of typhus fevmr which had broken out 
there in the summer of 1846. He returned to Berlin on March 10, 
Barez having preceded him on February 29. This journey is become 
famous from Virchow's report, which soon after appeared under the 
title, “Mitteihmgen fiber die in Oberschiesian herschendo Typhus- 
epidemie.’’" Virchow had been chargc'd by the authorities with “’the 
investigation of the scientific significance of the nature of the epi- 
demic.’’ But besides a pathologic, anatomic, and clinical investigation 
of sick and dead, which would have satisfied any other investigntor, 
the report contains much more. He gives a monograph on the con- 
ditions of society in Upper Silesia in which the whole social and 
educational history of the province is set forth, and makes proposals 
for the treatment of the contagion. Painstaking accuracy, warm- 
hearted sympathy and courageous frankness are everywhere in evi- 
dence. Virchow recognized that the common medicines and dietetic 
regulations suitable to sporadic cases were of little avail against the 
epidemic; and that the endemic disease owed its dangerous spreading 
character to the deplorable social conditions; the ignorance of people 
and authorities alike favoring the diffusion of contagious matter, and 
all contributing to diminish the resistance of individuals to contagion. 
Only through radical political and .social reform, he maintained, could 
there come an efl'ectual remedy. The same matter which the Paris 
Academie de Medecine had brought to the attention of the Egyptian 
Government he laid before the authorities in the following terms: 
“The logical answer to the (piestion of the prevention in future of 
conditions similar to those tve now see in l^pper Silesia is therefore 
easy, and is simply this: Education, with her two daughters, freedom 
and prosperity." This measure which he here advocates led to the 
development of a thoroughly democratic programme. In his formula- 
tion of it, there were, to be .sure, some fantastic features resulting from 
the disturbed condition of the times, but in the struggle of the next 
ten years not a little of it was adopted. The present beneficent 


Archiv, voL 2, Xos. 1 and 2, pi). 143-322, 1847. Also Berlin, 1848. 
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operation of medical legislation is the immediate consequence of the 
liery exhortations of the I’oung charity hospital demonstrator, and 
later on he took a leading part as medical expert and as parliamenta- 
rian in the drafting of this legislation. 

It was at this time that the “ Medizinische Reform’’ began the battle 
for the health of the people. Questions of legislation and conditions 
were chiefly ti-eated b^- R. Leubuscher and S. Neumann, while educa- 
tion and medical science were in the hands of Virchow. All these 
problems were connected with the political background, and the con- 
ditions out of which the}" grew and which were necessary factors of 
their solution were never lost sight of. In the article with the title 
“Conclusion," in No. 52 of the periodical, there is a note of resigna- 
tion. Like the other contents of the last numbers, it is unsigned, but 
is unquestionably the work of Virchow, who had carried the whole 
weight of responsibility since the first of the year. The article begins 
with a verse from Ecclesiastes, and this also appears in the concluding 
paragrai)h, which is a solemn pledge sincerely adhered to by Virchow 
in the remaining fifty-three years of his life: 

“We recognize therefore only the question of the healthful daily 
existence and daily bread for the people, and dedicate ourselves to 
making the broadest preparations with which the battle can be fought 
to ultimate success. The medical reform which we have advocated 
was a reform of science and of society. We have outlined its prin- 
ciples, and they will force their own way without the aid of this organ, 
but every moment shall find us working for them and ready to do 
battle for them. We do not change the thing, but only the place. It 
would be not only useless but foolish to sow young seed among stones 
or to plant it in the earth in winter. ‘To everything there is a season, 
and a time to every purpose under the heaven.’” 

Virchow was thus so deeply connected with political questions, even 
though not occupying himself with the minor details, but only with 
the mai7i princijfies, that his pay and allowances were .su.spended for 
a .short time in the spring of I.sifl on account of his activity as an 
agitator, but still with all this his scientific work never wholly ceased. 
The epidemic of cholera in that unlucky year furnished him rich 
material for his investigations. 

Soon after tin* abovc-uientioned orders and their partial repeal (the 
free lodging in the hospital was not restored to him) A’irchow was 
called to the rniversity of Wiirzburg, and he gladly accepted this 
opportunity of freeing him.self from a situation which had become so 
unpleasant. In Wiirzburg began that rapid rise to the .same degree of 
leadership in the world whidi he already enjoyed in a more limited 
circle. Before leaving Berlin lie published in the autumn of 184!> his 
famous philosophic stateimmt, “ Die Eiidieitsbestrebungen in der wis- 
senschaftlichen iMedizin.”" in which he gave proof to friend and foe 

“Berlin, 1S4H, and “ Itesanimelte Abluiiiillungen ” Frankfurt, IS.uH. 
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alike that he had deliberate!}' ehosen his mission and never “ either at 
the dissecting table or behind the microscope, at the sick bed or in 
public life, in the manifoldness of details forgotten the unity of prin- 
ciples.” The “'law of the unity of human existence and its conse- 
quences” he had treated in a number of sketches entitled, Man, Life, 
Medicine, Sickness, and Contagion, and later he placed these essays, 
enlarged by illuminating notes, at the beginning of his collected works. 
It is not possible in a brief account to go deeply into the “ Einheits- 
bestrebungen,” which embraces the connection of medical research 
with the most fundamental things of human existence. Much that 
now is accepted as self-evident stands here in the center of the field 
about which the battle between the contending schools of science raged. 
Questions of belief, the doctrine of vital force, which with that of the 
spontaneous generation is now long since laid aside, and the system of 
meditdne which had bound medical thought in hard and fast dogmatism, 
all find thoughtful and for the time keen and courageous criticism. 
There never appears any semblance of personal animosity, however 
sharp the criticism, and all the positions are taken wholly on objective 
grounds. 

There has recently been a widespread discussion as to the position 
of Virchow in relation to fundamental religious questions, and many 
utterances have been attributed to him Avhose cynicism would make it 
apparent that they could never have come from him. The position 
which he firmly held is completely given in the following passage from 
his “ Einheitsbestrebungen: ” 

“There can not be any issue between faith and science, for science 
and faith mutually exclude one another; not in the sense that the one 
renders the other impossible, or vice versa, ljut rather that so far as 
science extends faith does not exist, and faith begins where science 
leaves off. It can not be denied that beyond this limit there may be 
real objects to be embraced by faith. It is therefore not the object of 
science to destroy faith, but rather to define the ])oundaries to which 
knowledge extends, and within tliese to establish a uiuform system.” 

He strongly attacked the materialism of Karl ^b)gt, whose assaults 
upon his own tolerant position toward faith are unjustifiable. Though 
opposing dogmatism where it came in his way. he much more strongly 
opposed materialism, for he believed it to be more dangerous than the 
views of the church or those of the idealist, but nevertheless he 
declined as a student of nature to follow with this latter party upon 
transcendental ground. While desiring himself to associate with 
science the strongest objectivity, he yet showed in his later years 
unreserved respect for such degrees of subjectivity us did not spring 
from unexcusable violaticjn of scientific truth. He is ev(m charged 
with inconsistency because of his energetii- opposition tt) Ernst 
Haeckel at the scientific convo<-ation at Munich in 1ST7. Haeck(d had 
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demanded" the iiitroduetion of his nionisti(5 teaching- in the schools. 
\'irchow declined to teach these problematic matters as results of 
science, for there rose up again.st it not only the scrupulous regard of 
the scientist for certainty . but also his revolt against any measure of 
compulsion in matters of belief. He remarked at the time privately 
to the writer of these lines that Haeckel forgot that he (Virchow) as 
the representative of the people must be considerate for the feelings 
of those of a diii'erent belief. 

In Wurzburg a time of most diligent scientific activiW for Virchow 
occupied the period of political paralysis following the outbreak of 
this. His fame was securely founded upon his Berlin investigations, 
and esjiecially upon the fearless and successful attack which he made 
upon the then prevailing teaching of Rokitansky upon crasis. The 
investig-ations begun in Berlin on disorders of the blood and the blood 
vessels and on parenchj’matoiis inflammation, whose first germs had 
appeared in his thesis, besides other investigations of the biology of 
the cells and tissues were completed in Wurzburg. Here also Virchow 
devoted himself with great success to researches in experimental 
pathology, to which he g-ave a place with pathologic anatom}-- and 
chemical investigation. His greatest achievement in this field is the 
explanation of the proce.sses of thombosis and embolism (stoppage of 
the blood vessels by clotted blood and the importation of such 
obstructing masses by the circulation). Such conditions might, as he 
showed, arise from the cause of wounds. He sharply distinguished 
between the consequences of infectious thrombosis and the beneficial 
ones, and this and much of his other work was of great importance in 
leading to better understanding of the infectious diseases. These 
investigations, with those already mentioned upon the fever epidemic- 
in Upper Silesia, and his studies in 1852 on the famine in Spessert,* 
gave the impetus to ^'^irchow’s work on epidemics, and with it the 
remarkable revolution of the practice of medicine in Prussia and 
throughout Germany in the next ten years. 

Still another field in which Virchow's work was to he of the greatest 
v’alue, he first entered while at Wiirzburg. His first publications in 
this field were entitled: “ Untersuehung fiber den Cretinismus, nament- 
licb in Franken und fiber pathologische Schiidelformen."" and ‘’Uber 
die Verbreitung des Cretinismus in Unterfranken."'' In these Vir- 

"xlmtlicher Bericht dcr funfzigsteii Versaniiiilim;' deutschei- Xatiirl'orscher und 
Avzte Muncheii 1877, pp. 7.5-77. 

*Die Xot iui Spessert. Eine medizinische-f^eugraphische historisolie Skizzc. 
Verhandlungen der ineilizinische-physikalischeu Oesellschaft in Wurzburg, 18.52. 

'■Prcseiitt-d in tlie Wurzburg physikalLsch-niedizinische < ie.selLschaft on ilav 24 
amt June 21, 1851. Verhandlungen, Hd. 2, p. 2:t0, reprinted in collected \vork.“, p. 
891. 

'^1 resented as above on May 9 and Novemlair I'.i, 1852. Verhandlungen, Bd. p- 
247, and collected works, p. 939. 
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chow commenced that great serie.s of anthropological papers in the 
strict sense, from which grew up the modern combination of Anthro- 
pology, Ethnology, and Archseology. But principal!}’- he occupied 
himself at this time with special studies of the most varied pathologic 
anatomic and chemical problems. They all had for their common aim 
to provide an impregnable material basis for theoretical deductions 
through the strict application of the scientific method of exact descrip- 
tion of observed conditions. Most of this work appeared in the 
“Archiv ” and in the “ Verhandlungen der Wiirz burger pliysikalisch- 
medizinischen Gesellschaft.” which latter A'irchow had founded shortly 
after his call to Wiirzburg together with Albert Kolliker and Kiwisch. 
He also undertook a great literary work in the editing of the “Hand- 
buch der speziellen Pathologie und Therapie,'’ in whose first volume 
he contributed a long article on “general disturbances of alimination.” 
together with an appendix treating of parasitic plants and animals. 
For the other parts of this great work, which included from 18.54 to 
1876 six large volumes, he gained the cooperation of a number of 
eminent contributors. Since then many similar compilations have 
appeared, having for their object an encyclopiedie presentation of the 
knowledge and science of medicine up to the time of their publication. 
All these have in Virchow’s handbook their preciirser and example, 
but it is here impossible to discuss even its main features. 

In the autumn of 1856 Virchow accepted a call to Berlin, which thus 
led him hack to the original scene of his labors, but now under quite 
altered conditions. He found himself at the head of an institute 
founded on the work which he had done at Wi'u’zburg and specially 
devoted to the interests of pathologic anatomy, experimental pathology, 
and particularly to chemical researches. To be sure the building 
which had been hastily and economically erected by the hospital direc- 
tors, Horn and Esse, was not up to his requirements. There were 
necessary many changes and many renovations, one even as late as 
1873 which greatly extended its usefulness but not without seriously 
disturbing the w’ork. Particularly the increase of the collection of 
pathologic anatomic preparations suffered greatly and it cost its author 
great ti’ouble to again bring it up with other branches of the work. 
But he succeeded in creating a cenhu- for pathologic investigations, 
which with all its branches, among them the instruction of young stu- 
dents, Avas the forerunner and exanqffe of all the similar institutions 
now tq be found not only in Germany but in all civilized lands 
throughout the Avorld. It Avould not be tot) much to say that within 
his institute pulsed the heart of science which sent the ideas of the 
master inspiring and broadening through the, labors of his pupils over 
the whole circuit of the earth. Here Virchow's genius and wonderful 
forcefulness found their full greatne.ss and his life Avork took on its 
lasting proportions. 
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A 3 ’ear before VirchoM' left Wiirzburg he had coined the word “cel- 
lular-pathology” which briefly de.signates the nature of hi.s life work." 
The researches of the previous years, in particular those upon the 
connective tissues, had gradually brought to light the principle which 
was to occupy the place before shared by patholog}" and general medi- 
cine. But it was not till February, March, and April of 1858 that Vir- 
chow delivered before an audience composed chieflv of the medical 
men of Berlin the twent}’ lectures which he published in the same year 
under the title “ Cellular pathology as founded upon the physiology 
and pathology of tissues.”* 

When Virchow commenced his scientific career, the art of medicine 
was under the stamp of different systems, pathology being- dominated 
by liokitansk}’, the great pathological anatomist of Vienna. He was 
the founder of the so-called Viennese school of pathology and had 
given to it a doctrine of dyscrasia, constructed like its predecessors on 
a priori rather than experimental grounds. Although excellent in the 
descriptions of diseased conditions and well grounded in its anatomy, 
as Virchow readily admitted, j'et the third volume of Rokitansky's 
handbook of pathologic anatomy completely ignored the method of 
exact research. He remained in the error of speculation, reviving the 
old humoral pathology in his theory, and attributing all disea.ses to 
impurity of the blood, from which they were communicated to the 
solid parts of the body. According to this doctrine these latter were 
practicallv excluded from pathologic considerations, while on the other 
hand under the rule of the doctrines of solid pathology the opposite 
had been the ease. Rokitansk}’ had made little use of the microscope, 
an instrument first introduced in pathologic studies near the end of 
the eighteenth century by the great Frenchnian Bichat and used 
increasingly in Virchow's program with the effect, as he says,'' “of 
bringing the path of general medicine at least three hundred times as 
close to the natural course of procedure.” d'he figure, of course, 
refers to the magnifying power th(>n employed.- We now use powers 
at least three tiimcs as high, but a power of three hundred would suf- 
fice readilv to disclose, the elements of animal structure which corres- 
pond to the generally much larger cells of plants. 

Moreover, the discoveries of Si-hleiden and Schwann had come to 
recognition, and the anatomists began to think of cells, although the 
conception of tin' origin of single cells expressed in Schwann's “Theory 
of free cell building” was by no means the true one. According to 
this theory the c(dls arose from a <-ondensution of matter, or blastema, 

"Arcliiv, vol. ,S, pp. 

'' Berlin 1.S.5H. The seconil edition ai)i)eiire<l in IS.-)!), the third with many aildi- 
tions in ISfil, the fourth rewritten and {rreatlv mdartred in JS71. 

' On the reform of jjatholo^ie ami theniiajntie demonstration ))y mieroseopie inves- 
tigations. Arcliiv, vol. 1, 2.o5. 
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named for its connection with the cells the '•‘cytoblast." This sub- 
stance was supposed to form first the cell nucleus and then the inclos- 
ing sheath or cell membrane, after which a new germ collected between 
the nucleus and cell membrane. The current ideas of life were shaped 
entirely upon the theory of generatio tequivoca, and for all forms of 
life not possessing special generative organs parentless generation had 
to be assumed. This view has long since been overthrown; for the 
ferments bj' Eilhard Mitscherlich, and for the vegetable parasites prin- 
cipally by Louis Pasteur; while in the attack upon the theoiy of spon- 
taneous generation of animal parasites Rudolf Virchow participated 
with Rudolf Ijeukart in clearing up the development of the trichina. 
Spontaneous generation was assumed in the theory of the formation of 
the cell from the blastema, and the subsequent formation of a new cell 
involved a second process of the same kind. According to the prevail- 
ing idea there were in the bodies of men and animals a group of tissues 
nearly destitute of cells, but Virchow's proof of the presence of cells 
in the bones and cartilage, as well as of their persistent presence in 
the connective tissues, dealt a heavy blow to the theory of free-cell 
formation, and this theory collapsed completely after his researches 
on the connective tissue and parenchymatous inflammation. That 
which had been known as the cytoblast, a more or less regular substance 
lying between the colls, was recognized as lifeless. In young, grow- 
ing, and particularly in embryonic tissues, the cells were found to be 
more exclusively cellular the younger the tissue, and only after the 
tissues reached a considerable age did the intercellular masses appear. 
Thc.se latter, according to ^’irchow's theory, were not simply depend- 
ent for their formation but for their very substance upon the cells, 
which are the only living parts, and which are formed, as experiments 
showed, only from living cells already present. Virchow, usually an 
eneny to formula-, coined for this relationship the expression mnnis 
cellvla a crUnla. 

By numerous tests of the constitution and behavior of diseased tis- 
sues he showed that the action of disease consists in the alteration of 
cells, and that the life of the individual depends upon the life of his 
cells. Nourishment, .specific functions (work), and growth are all reg- 
ular actions of cells, while di.sea.se is an anomalous cell activity. 

Virchow, aided by all the medical investigations which had been 
stimulated by his experimental .school of thought, continued to build 
up his patholog}’ upon the foundations which his discoveries in cellu- 
lar pathology had laid, and the cellular principle has been the basis of 
the greatest advances of the last decade. Indeed, it would not be too 
much to say that the whole nuKlcrn .science of biology is built upon 
the law of the cell successit)n. and it is this which has assured to Vir- 
chow’s work its undying value beyond the boundaries of stricth’ med- 
ical science. To be sure there has come forward occasionally the view 
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that tlie life procos.se.s do not re.sidc in the eell as a whole, hut arc 
proper to certain smaller parts, the nature of whose activity' deter- 
mines disease or health, but these views have not been maintained. 
Biology is cellular, and medical thought remains cellular in its pathology. 

4Ye have hitherto been tracing the course of Virchow’s life and 
noting the principal achievements, which .stand like milestones to mark 
his advance. Continuing in this way, we must now take note of one 
of his greatest works, namely. “Die krankhafteu Geschwtilste.’’'® It is, 
to be sure, incomplete, for only 25 of the proposed 30 lectures composing 
it appeared in the two and a half volumes published. But what Virchow 
has set down in these three books remains to-day. after almost forG 
years, an indispensable reference work and a guide to those working 
in this subject. The exemplification of the scientific principle of pro- 
ceeding to the under.standing of a thing from an investigation of its 
development, the deep thorough di.scu.ssion of a wealth of confirmed 
experimental material, all this combined with the brilliant presentation, 
have caused the “ Onkologie” to take rank as the greatest of Virchow’s 
works. 

Just as he chose the genetic method in seeking the explanation of 
the significance of all discoveries b}' an inquiry' into the nature of their 
origin, so also Virchow did not neglect to employ the same method to 
investigate the cau.ses of phenomena. He studied the tetiolog}' of 
diseases in the widest sense, and his investigations of the parasitic 
diseases, the causation of affections b)' the action of animal or vege- 
table parasites within the tissues, formed a considerable part of his 
{etiological researches. Tt is not possible to enter upon them within 
the limits of this article, but in the interest of truth it should be stated 
that at no time in his life did Virchow mistake the importance of 
plant forms of disease germs, {uid never opposed any movements of 
thought leading in this direction. Thus, in 1S5S. we find in the Archiv * 
“Beitnige zur Lehre von den bei ilenschen vorkommenden pflanz- 
lichen Parasiten.” Ih' gives Inu-e. among other obserwitions, the first 
good description of fungus diseases of the lungs and bronchial tubes 
(Brouflm- d/uJ Pnetnnonodnjhmh a-yh'iyllJina and Pn. ndrchiica). 

His theories furnished the ground work for the later rise of bacteri- 
ology. It was supposed by many that there was an outspoken oppo- 
sition, or iit least a distrust, on Virchow’s part of the revolution in 
bacteriological methods which was going on under the leadership of 
Robert Koch. Nothing could be more incorrect. Virchow, who had 
himself done much in the intere.st of a scientific explanation of the 
many f{icts which he had brought to light, had pointed out the direc- 
tion whicli this branch of general jaithologv was to take, and gladly 
recognized idl contributions to the scienci'. It was onlv {igainst the 

Archiv, vol. 9, pp. 5.57-593. 


“Berlin, 1SH:I-1S(>7. 



KUDOLPH VIRCHOW, 1821-1902. 


655 


recognition of unprov’ed assumptions, against one-sided iiiA estigations 
and conceptions, and against premature genei’alizations that he pro- 
tested. The real advances of setiological knowledge he sought con- 
tinually, with all the weight of his influence, to promote and to bring 
to general recognition. 

Similar imputations have been current in regard to his position 
i‘elati\ e to another disputed question, namel 3 -, that of Darwinism. He 
had numerous objections to some of the .single propositions of the 
Darwinian theory’ : particularlj’ as the I’e.sult of his own observations 
he recognized more fully than Darwin the pathologic side of the 
que.stion of hereditv. According to Virchow the rise of a varieD' of 
a tran-smi-ssible character presuppo.ses a ‘’deviation from the tvpe 
and therefore a pathologic (though by no means a diseased) condition 
of the progenitor.’’" The role of atavi.sm he was inclined to belittle 
as one of a number of unproved assumptions, but he was a no less 
Arm believer in transformism than Darwin and Johann Friedrich 
Meckel, whose great service to the theoiy of descent Virchow repeat- 
edh' and properly emphasized.* 

How could a man fail to accept Darwinism who was so influenced in 
his intellectual development bv Goethe '’and under whose hand modern 
anthropology has become what it now is, the .scientific studv of man. 
Starting with .somatic anthropology, in natui-al e.xpansion of his held 
of work, in 1866 he began his investigations in prehistoric archasologj*. 
At first he occupied himself with the primitive history of his Pomme- 
ranian home I'egioii. to which as a student he had alread}- devoted .some 
historical .studies that appeared in the ‘‘ Balti.schen Studien " and the 
“Pommerschen Volksblatt.” From this the field of his investigations 
extended over the whole earth. Contributions from everv quarter, 
some gathered in long journeys through Europe, western A.sia and 
Eg\’pt, which he took during the vacations, and )nore collected hi’ the 
arra\" of scientific discoverers who in the last fort}' years have pene- 
trated to all parts of the earth, furnished him with his material. He 
himself gra.sped the spade and introduced the scientific method in 
archselogical investigation. It is impo.'^sible even to mention here all 
his more important investigations and publications in this and related 
fields during the four bu.sj' decades which followed. Onlv a few can 
be touched upon, among them the inquirv concerning the origin of 
the human raee and its disper.sion in the eour.se of ages. He published 
numerous articles filled with rich material in the " Zeitsehrift fur 
Ethnologie." largelv conducted b}' him, and in the ‘‘ Verhandl ungen 
der Berliner Gessellschaft fiir Anthropology. Ethnologie und 

“Archiv, vol. 103, p. 20.5. 

'' Archiv, vol. 103, p. 10. 

<■866 “ Goethe als Naturforeoher luid in Ijesonderer Beziehunj; zu (Schiller. F.ine 
Rede init Erlauterungen. Berlin, hstil. 
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Urgeschichte,'’ of whit-h he was almost sole editor. These eommuni- 
cations embraee. besides more than a thousand shorter articles, a series 
of extensive independent publications of the highest importance. 
Among- these latter can be mentioned here only the third volume of 
the magnificent publication by Stiibel and Keiss on the burial field at 
Ancon and the great work Crania ethnica Americana which appeared 
in commemoi-ation of the discovery of America bj^ Columbus. 

Virchow devoted himself to ethnographic studies no less than to 
other branches of anthropology, and here he became a center to which 
the material streamed in from all sides, and from which went forth 
suggestion, criticism, and energetic assistance. This never-idle man 
did not disdain to teach travelers schooled in other lines of investiga- 
tion the anthropometric methods; and indeed he found time for every- 
thing. and never left a piece of work to others that he could possibly 
undertake himself. Thus, for example, for ten 3 ’ears following its 
inception hv him in 1876, he worked up alone the data recorded in 
German schools as to the color of the ei'es, the hair, and the skin which 
has proved of such \'alue for the knowledge of the different branches 
of the German race. He has reduced the ethnology of his homeland 
to a pi-acticallv complete s\'stem, and his work in this line has fortu- 
natelv been put in shape for popular appreciation in the Museum fiir 
deutsche Volkstrachten. 

Perhaps one of his greatest services to the science was that ho per- 
suaded the visional-}' dilletante Heinrich Schliemann to undertake with 
Dorpfeld’s help a rationally conducted excavation at Troy, and, still 
more, that he succeeded in bringing the treasure digger back with his 
unique and invaluable di.scoveries to the fatherland. They have been 
placed permanently in the Schliemann hall of the Museum fiir Yolker- 
kunde where they will remain as an enduring monument to Piidolf 
Virchow as well. 

But investigating and collecting were not his only activities, for all 
this time he remained in the first rank of academic teachers, expound- 
ing not only the facts, but the philosophy of medical science. The 
method he ('inployed of teaching pathology was quite his own, but has 
become the example, not only for Germany, but for other civilized 
lands. He has discu.ssed the teaching of pathology in weightv papers," 
and, indeed, on several occasions entered into the discussion of general 
academic instruction and its extension. He was no inffexible supporter 
of the old classic system of education, for in his Kectorates address he 
remarked that linguistic studies might be very well supplanted from a 
pedagogical point of view ‘‘by the golden triad mathematics, philoso- 
phy. and the natural .'<cience.s,” but still from consideration of the. 

"t Ikt den t nterricht in der pathologischen Anatomic, “Klinische Jahrbiicher,” 
\ol. 2, ])j). (.5-100, and in W. Lexis, “Die dentschen Universitiiten;” R. Virchow, 
Die pathologisehe Anatoinie, pp. 241-261, Berlin, 1893. 
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sources of our Western culture he could not subscribe to a complete 
displacement of classic studies by the modern practical subjects. 

The great pathological and anatomical collections, which are the 
results of the manifold labors of his long life, must stand in the front 
rank for purposes of instruction in his own branch of science. 
Although much of the material there assembled is primarily adapted 
to purposes of pure scientific inquiry’, still the objects were gathered 
by him chiell}^ with a ^fiew to their educational value. It must, there- 
fore. have been a great satisfaction to him to see in the newly erected 
pathologic museum a worthv depository for this unequaled collection. 
In the arrangement of this museum it is not onlj' the directly interested 
scientific circle, but quite as much the popular audience whose instruc- 
tion is considered. He formed a special easily accessible exhibit to 
illustrate to the widest cii’cles the knowledge most valuable to the 
general welfare, just as in his younger days he had not disdained to 
endeavmr to awaken in the popular mind by the simplest ways and 
appreciation for the value of science. It would require a special 
article to tell how much work he spent on the objects of this collection, 
but an idea of the immensity of it can be gathered from the fact that 
about 23,000 preparations in the pathologic museum bear labels written 
by Rudolf Virchow. These labels give in the most concise terms the 
chief result of an often extensive investigation devoted to each single 
object. 

In all the problems to whose investigation he devoted himself, in all 
practical matters which came to his attention, and in every branch of 
science with which Rudolf Virchow engaged he kept in mind the rela- 
tions of the subject to the public life. If at the first attack upon a 
new problem it was the love of knowledge for its own sake which 
spurred him on, l et in eveiy case the wider application appealed at 
length to the warm heart and ideal loving mind that kept in view in all 
that he did the good of his fellow-men. He put away each little ego- 
istic striving and devoted his whole strength to the work, never hesi- 
tating to take up matters which hardly required the powers of a Rudolf 
Virchow to accomplish them. He knew that even in our German 
fatherland, penetrated as it is by Kant's philosophy, not all men pos- 
sess that degree of trustworthiness which he desired to see in all, but 
which in men of science he held iiidi.speri.sable. Whenever he failed 
of finding exactly the man to do a piece of work he undertook it him- 
self where anj" particular degree of responsibility rested upon him in 
the matter. A deep inbred modesty kept him from any feeling of 
vanity, but it is easy to understand why he, the deep jihilosopher and 
the minute observer, after he became acquainted with the real situa- 
tion entered into the political arena. With the keen vision of the stu- 
dent of nature he recognized the real cause of public ill-health could 
only be removed by a general uplifting of public intelligence, and only 
SM 1902 12 
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thus could further political degeneration be prevented. His journei" 
of investigation in Upper Silesia gave him the first incentive to his 
political activity. Although not naturally combative, but rather con- 
templative and conciliatoiT. he did not lack in personal courage and 
self-forgetfulness, and entered into political action without fear of the 
consequences of his outspoken thinking, and the more readily, per- 
haps, when his actions cost him dear. It was thus he entered at first 
into the political agitation and speedily became the representative of 
the people. The characteristics which distinguished his scientific 
work he placed at the service of the common weal, so that his enemies 
could but admit in him an uncommon fullness of knowledge and a sure 
memory, a never satiated desiie and capacity for woi'k, and, finally, the 
thorough conscieneiousness and unassailable veracity of the man of 
science. To be sure he was no political seer, and the practicability of 
many of his recommendations was disproved in the trial, but on the 
other hand it is certain that he was in many points in the right and 
that it was his scientific habit of thought and the thoroughness of his 
methods of work which, in the thorny paths of the nonprofessional 
parliamentarian as also in municipal life, yielded those results which 
have been of such incalculable value to the hygiene of Berlin. 

Rudolf Virchow always strove after results, but was little concerned 
for the mere outward signs of them. The presence of the battle steeled 
his courage and sharpened his desire. Small vanity was wholly for- 
eign to him, and he could detect a flatterer at the first meeting. He 
was receptive onlv to such recognition as indicated in itself that he was 
rightlv understood, and he made use of such recognition for his own 
guidance, for it showed him the measure of the usefulness of his work 
for the general good better than, in his modesty, he could himself 
have estimated it. It was in this spirit that both in politics and in his 
scientific work he accepted the homage which flowed to him more and 
more as, in the course of the decades, his work widened. He is cele- 
brated in foreign lands no less than in Germany, and he appreciated 
the natumal significance of his honors and refrained from putting them 
off that the prestige of his fatherland might not lack. The more 
Rudolf Virchow became the critical controlling center of German sci- 
ence, as evidenced by his official standing and in particular in his con- 
duct of the great “ Berliner Medizinlschen Gesellschaft,” the “ Berliner 
Gesellschaft fiir Anthropologic, Ethnulogie und Urgeschichte,” his 
leading place in German and international scientific congresses," and 

"With ilia tact and cleverness he chose for the subjects of his addresses in foreign 
lands actual or historical presentations from the national tradition of the country in 
<luestion. Thus in England he spoke of (jlisson in “liber den Wert des pathologi- 
schen Experimentes.’’ In this aildress he supported the English medical profession 
in its battle against the antivivisectionists. In Italy, among others, he chose the 
theme “ Morgagni und der anatomische <ie<lanke” ( address before the eleventh inter- 
national medical congress at Rome, 1894). 
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his place as an educator, the more he achieved co.smopolitan greatness. 
At this time when he has but just ceased his heretofore unbroken labors 
it can not yet be appreciated how great he had become and how much 
science lost b^* his death. 

In this short sketch onh’ the main points can be indicated; a later 
time must furnish the historian who shall truly interpret Rudolf Vir- 
chow and his epoch. Then, when all the documentary material now 
scattered in contemporary’ periodicals and in correspondence and 
notices throughout the world is brought together, an adequate view 
can be taken of the splendid combination of human qualities which 
made the foundation of Rudolf Virchow’s greatness.'' 

His spirit will ever reside in the fundamental revolution which he 
brought about in medical science and pi-actice. and his work will go on 
in the new paths he opened in all departments of science which he 
entered, and in the methods of investigation which he so unweariedly 
taught. Herein i-ests the tradition which remains with his disciples, 
and this is their weapon to use for the full freedom of learning and 
objective teaching. 

«See 0. Israel, “Zii Rudolf Virchow’s Aohtzigstem tteburtstage,” Arztliche Mo- 
natschrift, 1901, heft 10. 
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